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CIIAPTCn I. 

THE PARASITIC FUSGI 

Tur inic l-uii"!, together ^\lth the Mjxomjcctcs or Sliiiie-fungi, 
and the Schizomjcctcs or Ihctcnn, constitute a group of the 
Cryptogams clmnctcrizoil b) lack of chlorophj 11 Inconsequence, 
the membera qC the ^roup ate unable to utilize U^ht aa a aoucee 
of energy, and must obtain their fooil as organizeil material, 
complex m comparison uith the simple substances required by 
green plants These fungi, m short, arc, m common ujlh animals 
ultimately dependent for the greater portion of their support 
on lisnng or dead chlorophyllous plants According ns they 
obtain nutriment from deid organic remains or from hsmg 
plants or animals, uo distinguish them as Saprophytes and 
Parasites respcctiscly The same mode of nutniion is found 
in the case of most non chlorophyllous I’lianerogams, and also 
m a few chlorophyllous plants, both Cryptogams and Plianero 
gams 

When parasitic Fungi, Bactonn, and other lower organisms 
attack higher plants, they, as a rule cndeaiour to penetrate the 
living organs of their host It is only when this penetration 
has taken place to some catent, and the parasite has thereby 
come into more or less close contact with the tissues of its host, 
't'OT/JjA.’/OTA ■yuA'uVA Vir a* 'ifi lii't 

established 

To deal with the lower forms of vegetable parasites, with their 
relations to their respective hosts, and with the structural altera- 
tions which they bring into existence m the latter, is our object 
in the present book 
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THE PARASITIC FUNGI 


§ 1 DEFINITION OF THE PARASITISM OF FUNGI 


Parasitic Fungi are those which, stimulated by the cell- 
contents of another liMng plant, penetrate wholly or partially 
into Its tissues, and draw their nntnment from that source 
Saprophytic Fungi are tho«e which make no attempt to 
penetrate the tissues of liamg plants, but derive their nutriment 
from a dead substratum 

Intermediate between these two extremes come those fungi 
which, in consequence of some stimulus, attempt to effect an 
entrance into the tissues of li'ing plants b) the secretion of some 
fluid or ferment, but onij attain their object after first killing the 
part they attack {eg ScleroUma sclootxorum) A special position 
must also be ascribed to certain forms which inhabit the w-ood 
of trees, but ha\e not tlie power to penetrate through the outer 
tissues, the} depend on first gaining entrance through wounds 
into dead parts of the bark or wood, and, after living tlierc for 
a time as saprophytes, extend into the living elements and cause 
their death 

Many parasites may be artificially cultivated so as to pass 
some part of their lifc-historj on dead pabulum, and even m 
natural conditions manj of them regularlv live for a season m 
a saprophytic manner On this account it appears to me more 
correct, in distinguishing between pardsites and saprophytes, to 
la} less weight on the adaptation to nutrition and more on their 
response to the stimuli exerted by living plant cells The nature 
of this stimulus winch affects parasitic hyphae has not as yet 
been investigated It cappears probable, however, especially from 
the investigations of I’feffer and Jliyoslu,^ that the influence is 
primarily’ a chemical one, and that the nutritive value of the 
stimulating substance is not a measure of the ensuing effect 
Busgen states that the formation of adhesive discs by germinating 
spores IS induced by a stimulus due to contact, whereas the 
production and penetration of the first hanstornmi is indei>endent 
of contact, and is probably due to some chemical stimulus (see 
p 9) iliyoshi’s investigations have also proved that saprophytic 
fungi are capable of penetrating into living plant-organs, even 


Mivoshi “ Ueber Chemoiropismns <1 Pilw JiQ>a.n 1894 also“Die 

Ourdiljohrung ^on Membrniicn ilarch Filzla<len * PringtheimD Jahrhuch 1895 
1893 Ueber Llection orgamstlier Nfthrstoffe Pnnj%hetm » Jahrhiich^ 
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of iMinn^ lliron^h cell wnlN *f llie pirl l>c >tnprp^inlo<l witli n 
stumihtin;; f >1iUj *11 T1m\ l*cln\c Inro ootnp1<'tcl\ ns pnn«ito^ 
For example hjplnc of /Vniei//u»ii tjJivmm ]»i.nctnte into 
cclU of ft Inf injectotl with ft Iwo |x r cent Folnuon of cane 
«u^ar, while wiiluml ]'rcM«ma injection of the leaf the% ln\e 
ne\cr l>ecn obserxel to ilo •■o I'nufxUwm if nl«) known in 
certain circumstance'^ to lucoiin pirisitic. 

Main epocics of full”! nre capihh of passing the whole or ft 
part of ihcir lift ns parasitca on Imn^ plants Lonspicnons in 
this respect are the Ure«lmeac ninl I'stili^incae tinn) Ascoiin* 
ectes, mehnhn^ all Fxoa«ceac anil Kr\siphcie mid amoni:‘^t the 
lower fungi mo«t of the Ch\lndiaccie nnd nil the iVronosjxirpae 
Vor «loes this exhaust the list, for aiiiongFl the rLinainmg fungi 
we ma\ find isolalM fumltes gt.nerft nnd c%tn •‘Jh.cicf occurring 
fts pinsitc? while forms closcU rtlaUd to them nrc. snproplniic. 

To cHssif} the {•.insites Faprophjtes nnd intermediate forms 
wc shall adopt that nrrangement proposed b\ \ an lieghem and 
De Ihr^ 

§2 CL\‘??IHCVTION Of I’VItVMTfa \N D ^Al Il<>Pll\TFs 

1 True saprophytes nrc such m rcgularl) piss through their 
whole life hisiorj lu a saprophjiic manner IIiln ma\ deri\e 
their tiourishment from difTercnt kin«ls of pibulum or be limiiLd 
to some definite substratum Ihc true saprophytes do not come 
within the scope of this book' 

2 Hemi saprophytes (the ‘ficultatixe parasites ofDeIhrj) 

are wont to pass through their whole dc\Uopmeiit as saprophytes 
but on occasion are capable of existing wliolly or pirtially ns 
parasites Amongst them are includetl particularly sucli species 
as may be design ited occasional parasites,” which commonly 
occur fts awd owly vwwlcr certaxw coudvUowa become 

parasitic 

3 True parasites (the 'obligate parasites’ of De 13ary ) These 
undergo no part of their development as saprophytes, but live m 
e\ery stage of existence as parasites 

4 Hemi parasites (the ‘facultatixe saprophytes’ of De Bary) 
are capable if need be, of becoming saprophytes for a season 

^Johow proposes the term Holo aaproph) tea for those non chlorophyllous 
Phanerogams which h\e exclusively saprophytic on organic debris m contrast 
to those possessing chloropliyll which he names Hemi saprophytes 
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but ns a rule the} live throughout their uhole de\elopmeiit 
pnrnsites 

Within each of these four diMsions one inaj mtrocUicc 
number of subdivisions 


Hetni saprophytes 


The mniontj of snprophjtes me ncrcr parasitic }et theie ui 
ft nnmhtr which become so occasioiiallj Tims some species i 
Muco) and Ptnmlhu jv can penetrate into thm shinned fruits cm 
this thej do the more casilj the further the fruits are from tl 
condition of full \ital cnergj to nst. Pc T>arj s e\prcs3ior 
related to theise are other fungi which although incapable ' 
tfrecUn^ entrance into plants in active life nia^ jet do so i 
the plant though still hvmg begins to wither In sucli cas' 
the parasitism is somewhat difficult to prove In particular tl 
so called Fungi imperfecti contain forms of this hind 

Amongst the hcmi saprophj tes we mft) include the speci 
of PotTyti'i which are able to penetrate into unfolding parts 
plants but not into the older parts e maj spociall) ineiitK 
BoUytis T)oiglasii as a form more gcnerftH} hnown ns a sapi 
pli)te but which becomes parasitic on immature organs ai 
which ponctntes jouug needles ol various conifers to hill thci 
whereas it is unable to attach oldei needles In this case i 
thichness of the membranes would seem to act as a. protectic 
just as the v ital energj of the plant does in the preceding casi 
In Sclciotima sclci otlor^^m Sd ciboiwidcs and Sd ISicldmt 
a saprophjtic existence must as m the example just inentiom 
precede the parasitic Condition in fact Pe l5aO holds th 
thesL forms can onlj become parasites aftci their mjcelium h 
been iS i: 

necessarj to them for thej can go through their whole dev elo 
ment on a dead substratum Pylhitm Dc Lmyainm is also 
be regarded as a helm saprophyte winch attachs and hi 
seedlings of manj plants as a parasite but otherwise vegetal 
on dead plant remains Clado porium licrhauivi one of t 
commonest of saprophytes behaves simdarly, but it is of h 
frequent occurrence than Pythtuvi and in fact its parasitism 1: 
onij been suspected quite recently 


• Tl 9 1 as 1 cen coi finned I \ Dft\aine tComi t 
S4l) an \ ikcfel \ {S i unj her t tat tr/ortcl Fr 


renl LKni J8GG pp 
« lierUn 1875) 
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As further cvatiiplc** of fuiip njuhh ns |>in''it«s, of hilling 
liMiy cell® hut uhich |nss tlmin};ti imin nr 1* ss of thnr Iif« 
ns Mproplrtlcs, imj lx* inhen s|»c'cios whose iiijcohum inlnhus 
the wood of trees nnd shnihs Ainonpl tlic'c nrc tjunurniis 
IMvjyirrar which fiiul n«ljnissi, n onh hs wounds in tlie wno<l 
At fir«l llic'u di'lro} nnd derive notin«huunt fmni the nuhstnnei 
of dtid jurts of the woo*!, Imt lit* r tfic.v W^nn to nttnek tli* 
inrcnchvni-v of the living wwsl, niid cvlctulmis' outwinls kill 
ns thev go, c.iTnhimii, lust nnd nnd, (iH the} mch the txtcmtr, 
and there develop sporophons As cvnmphs we nn} Ink* 
tliosc Species invcstigstinl h} It Hnrtig of Munich, rq /*«/*/ 
fnnrnlnrvi* /*. lynmniM, P Itnrtvjw, P 
St^'renin hxr^vtum Traxnrtf* 

The hcart-woo*l is n pirt of tlic tree gem nil} avoided h} 
insects, which would in ver} «hort lime dcstro} the s-ip woo<I 
with Its nch snrch-coutcnt, ftj Annnixaf in o.ik Ag^in, tin 
heart-wood resists the lufliictice of certain saproplntic fmigi 
much longer than the sap woo*l, htnee it is preferred ns tin 
tinibcr used for nilwa} slcc|H.rs. Although in thc«c cnscs wt 
might describe the heirt*wood ns possessing nntiseptic properties, 
yet this would scarce!} be acctimte, since it is just this ver} 
iicart wood which is nlwa}s first nttneked b} the wound-parnsitcs 
of trees, and gives them a hold on the tree ns pimsitcs Sec 
also Chap V 

Since these dangerous tret fungi can live wholl} ns sapro- 
ph}tes in the heart wood, niid in the sop wood parti} ns such 
parti} as paraaites, thej nrc also able to vegetate further, und 
to reproduc-e themselves on fcllc*! stems, espccmll} when the 
necessiry moisture is provided Thus, for example, Agarteia 
adijxosx's a wound parasite of the silver fir, products its yellow 
sporophores on felled stems nnd split wood diinng the whole 
summer in moist parts of the forest, while m a cellar or other 
moist chamber the development of sporophores may continue over 
a } ear In fact, I have found that n billet of beech wood, after 
being placed under a glass and allowed to lie completely dr}, 
on agiin being so iked from time to time continued to produce 
a crop of toadstools annuall} for five }ears 

Some wound parasites occur occasionally ns t}pical sapro 
phytes on dead wood Thus Pdyporvft nnnosns, perhaps better 
Hartig Ztnttzut gHriel iun /en dta JJol m 1878 and other works. 
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known ab Tiametcs mdicijKnIa, is an undoubted parasite of 
pmes, spruces, and other trees, yet on timber in mines ^ it 
grows luxuriant!}, and reproduces abundant!} fiom sporophores, 
which, however, differ somewhat from the t}piCca! form Again, 
the rhizomorpli strands of Agaiicifs vullnts grow under dead 
bark, in the eaith, in mines, and in wooden water-pipes, wiul 
other forms of its m}celmm arc complete!} parasitic, tin; 
the apices of the ihizomoiphs penetrate the bark of }Oun 
conifers, and, m the form of a mycelium, Iinc parasitic on nn^ 
bast, and cambium 

Pohjpoivs a true parasite on liMng Scots pin 

IS also an enem} of timbei m newl} -built structures, or i 
subterranean spaces and cellars, so long as it can obtain tl 
neccs«ar} moisture Polypenut S)rl2)hureu8 produces apoiopliorj 
on the bark of luiug trees., as well as on the dead stools i 
felled trees ^laii} other related forms would probably be ab' 
to li\o on dead timber if they were not dependent on a certai 
degree of moisture, and could submit to dr}mg-up as easil} n 
for example, Pulyporxi^ oVxdums, a true sipropb}tc, and one i 
the most common enemies of old wooden budges 

Tungi from other groups are also known to effect an entram 
into the wood of trees through wounds only, yet when once i 
they spread rapidly, and at length bring about the death of the 
host Ihe spores of CvcuihUana lahtmii were demonstrat« 
b} me to germinate on the laburnum, on wounds jiroduct 
b} hail and otherwise, and to send into the wood so expost 
a mycelium, which spread through the vessels and into the rin 
killing all the tissues on its wa} Similarly Ncctna cinnahai in 
after it lias killed its host, lives thereon as a saproph}te, at 
de\ clops patches of comdia and pentliecia on the dead bar 
Pmza Wxllkommii, although reall} a strict parasite on the livu 
Tind, yet continues to grow and to reproduce itself on the dei 
branches 

Hemi parasites 

If tlie examples already given, te Mucoi, Pcntcilhim, Botryt 
Pythium, arc t}pical of hemi saprophytes, then there may an 
a doubt whether the remainder, the wood-destroying Polyporec 
Kcctria, Citcurlitana, and Aganeus meUeus, should not he regardi 
XXXVI . Magnus, Bo^an ]ereind Pn 
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n« lifini |inrn»it* «, Tli*'} iiiu't, liow(\fr, !''• fttft'iii;:*! 

til*’ li* mi ‘ijirojilix t' •, Iwnii*** flotilill*** lli'% nrn njnMf fif 
tlmni^’h tJi'’ir wlifilf* fl»t«lfi|iinrnt uprujiIiM*^ Tli** 
li' mi jnri'itf « influ'l*. hiIkm, tli*’ t**, nil of 

wliifh luf ffir n tmi'* n^ p'ira*-itf% nn«I cnrinol, f\fii In nrllfif-nl 
cultnniioti. lx* im'l'* If* rfirnplft#* th* ir liff**hi*tfiry ns ^iprr>j>li)l* n 
^Yllllf, liowrvrr, iinri} of tli** if’ nr»* ndiplffl lo a com- 

pl» l»l% jnni'itm liff. nlli* p* rnti, in tlif* funn of ►jiroultn^' roni'ln, 
livf nml tiiultijilj; rojlijlKnlh. Tim cfiTii'In of KiiJ-‘tt\ii\vTn 
nri'l Kjonvitt fonlnnif to Innl off cont'Iii for n coimtil* mill'* tinu* 
in nuinliM* folnlioti*, jf t in ii’itiiff*. tlm fjiorci prolnlily prrjrlucf 
inffctinj; lj}jihif nt finf*', «n«I tlit I'l l*iit lilll** rm'tf*! to 

fu*tnin n Mjirnjilijlic mfifle of lif** xn/ntnnt is 

more fa»il} renrc-*! ns n nml f>ff'iirs in mture ns riich, 

ln-nc«* \t nppTo'mUfs ffiuvcwU-vt towatfU tlm UfUil-fiyropUjUs 


True PAiasiltt. 

Tim Urc'lineae may Im tnktn ns tljf mo*t l>pical of tliu Iruf 
jnntsitfs, thfy cf/ri‘lanily tlirf/ii^li lli<jr wliol** lifc'-liiftorj 
on Iiviri;,' plant*, ami cnnnot Im ctilthatffl on n ilfail Bubf-trnliim 
•So aI*o the Krjsijihfjif, alil»ou»Ii fixf|ucnlly tlair nj/frts only 
reath maturity on a clcafl *ul»slrat«ifn, ns ilo aUo tlio-f* of 
Jihytvmn ami VoUj^ivjmn. Eryot of "rain nml the fklfTt/lima 
inhaljitin;,' U^nir-, are alw* truly i«ra.sitm, even llioii;{Ii tli*'ir 
apfillifeia or i*frith''Ci» ore profluff.!! from hilx-niatln;' pflirotia, 
nnfl tliou"]! timir coni'Ua can !**• faproplj}lic.ilIy cullivalf*! on 
flearl laliultirn 

Tlie r<ronospomf ami I'rotoinjccn are al^o true jnnisile*. 
In many other forms llic fIt>tIoj*im.nt of nn*tulx;s, or the 
nprouiing of c/midia, way Ik* ohtain»*fl in nrtlllrial nutn'tise 
I'/ilutiouH hy cj;du«if(ti <if rival tuu"l and liaetfria, jet it in 
ilouhtfiil whfther this takes place in nature. 


$ 3 . MOI>K OK LTFK OK THK rAIiASIT/C KL'NGI. 

Tlie para«Itic funj^ may Im flhldffl aefordin;,' to the place of 
their Ofxurrcnce and their niodf* of attack on the host, into tv.o 
catt-iforics, which may Im dcsii^ated cpiph)lic and endophytic 
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pirasite*: ' The fonner Inxe tbcir \egetiti\e in}celiuin spread 
o\er the surface of the host plant, the httcr penetrate into the 
plant and there de\elop their mjcelmm lloth recede nourish 
ineiit from tlie cell** of the host plants generolh bj means of 
special absorpti\e organs inserted into the cells of the host the 
so called hni siona 

■\\ c ma} distinguish the following groups of parasites accord 
mg to the degree of their penetrition into the organs of the 
ho t plant the} attack 

1 Epiphytes (n) uith haustona which only sink into tlie 
outer membranes of the host , 

(/ ) with haustona penetrating into the cantr of the host 
colls 

2 Endophytes (n) with a m}ce!mm which grows m the 
walls of the host cell and is genenlH nourished without the aid 
of haustona 

(?) uith a mycelium winch grows in the intercellular spaces 
onl} and is nourished with or without haustona , 

(c) \Mth a ni}celium which penetrates into the host cells and 
becomes au intncellular mTcebum 

(d) lower fungi which h\e completely in a host cell 

1 Acquisition of nutnment by the epiphytic parasitic 
fnngL The simplest mode of acqmnng nutnment is found in 
\easta (Saccharomyecs a2)tc>latu:> etc.) which frequent the outside 
oi liMng fruits and Ine on the drops of sugar} solution which 
diffuse therefrom “ 


*Fpipl%Tlic par&aUes Always proilnce their reprodnctiie organs out«ile their 
host pUnt, In the ca<« of eo lophytic parasites the reprodactn c organs of 
some are proilucetl insiile the host tissne < / the zygospores an I oo«r>ore<! r,t 


It OKI p auu 

The terms epiphytic an I en tophjfic parasiles ha\e been cl osen tnth regard to 
p n « /.r. r. j reganl 

those forms 
If this be 

•7 /. ‘ parasites of the higherplants 

I D e PiIm 1 gv\es as examples ot this conditirm r>nW •♦v... r — 


*r5a«gen- Lelier c mge 
Ectan Zntuvff lft93 


Figenschaiten d Keimlmge parasitischer Pilre ” 
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1 cm l)owc\cr Innlh rc^inl fmvi lil.c llir«c 

ulncli li\o cn an accnlcntnl imlllow from j>lant'» or j'lmt ccll« 
<\tn thnm.1i till \ rcpiihih frtqiiciil |»licc^ when an outllow i^ 
to In c\j*oct4.*l Tlic\ txtit no intlutncc on the lio^i-pl-xnl, 
and tluj arc nnun«licd li\ mhMancca winch cm no lon^* r l>c 
npanlcii ns Wlon^niji to the host. I wouhl mtlicr incliult 
them amonpst non pnnsjtic epiphytes winch, without sj»ccnll} 
adaiitin,; lluinschts ••ollk on nnj jnit of a liMii,; plant win re 
su^nr^ f-ohitions «njlahle for tlicir iiutnincnl maj occur One 
might imagine hnweacr *nc!i opipli\tca imlucuif; a difTtision of 
nutnti'C 'uh-'tance from tlie cills of the host-cpidcnnis to the 
clo«»l% adlu.mil fun^nl haphai , tlien wo should ha%c the 
'nnplc«t mi»do of jnra«itic acquisition of nutriment on the part 
of epiplnlcs Th«.\ would take up footl matennl from the epi* 
dermal cells m much the <ame iiniiucr as manj intercellular 
Injihai. do from the adjoining walls of the host cell * 

hpjphjlic parasites frequenting the surface of plant organs 
genenlh endcaaour to increase thtir supplj of nutriment from 
the host cells hj formaUon of Imustona, winch pierce the cuticle 
or the whole cell.wnll Bu«gen his shown cxj>crimentallj 
that the adhesive discs, often formed on the germination of a 
spore, owe their origin to a contacUstimuhis, the formation and 
direction of the inftcting hjpliae, on tlie other hand, though 
depending on this, are niucli more determined bj n stimulus 
originating from the host cell itself In this we have a confirma- 


tion of the accurac} of our definition of 

parasite and saprophjtt. ^ 

The appressona adhesion oigans or / 

adhesive discs just mentioned, are cliar- ,, — ' 

actenstic of mnnj parasites Tliej arc »*’y 7 

formed chieflj on cpiphjtic mjcelia, / \ 

but also accompanj the earlier life of 
other fungi In the case of epiphjtes p * 

pores are formed on definite places of 

such an adhesive disc, and from these -oru » germfnnting on ti o 

, . 1 » 1 . T ejMcrmIs of a bostplint an ad 

Iiaustona are ueveloptcl, or a Iivpua is heelon-diBCandhauetorinmbayebeeo 
~ , , * , , . * formed. (After t>e Bary ) 

given oil and enters the host-plant to 


form a mycelium The appressona of the Lrjsipheae are verj 
characteristic, m man} the} are broad lobed discs (Fig 1), in 


’ Compare those cases of parasites on insects and fungi already giten p 8 (note) 
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others like Podo phaern cftdagnei, the} t'vke the form of broiilcne<l 
clo-eh clinging lupine with Inustonn. Fnnk (lL'Cnbc> ft swoW 
ing of the germ tube of Fifsiclaihuin. ttcvxxdar just before the 
infecting hjpln pierces the cellwftlls of its 110*51 A simiWr 
phenomenon cm be ob^ervoil in Polf/diginn rtthnon, in GnoJiionm 
aijfhro (oina, mi in tht. germiniting ftecullo^pores of Vrlainp^mi 
Go ppcrtinnn Some other e\*imples Will be mentioned in our 
ne\t section 

Haustona of the epiphytic Parasites 
The uio«t inconspicuous hiustoni urc tbo'-e of P^trj>ofnc/ii>J 
ntgra md Truho ifiiitno Dnmnltca described bj 1' Hftrtig^ 



The\ ire tin) lupfnl proce ses resting on the host epidermn 
nni) sunk into the oatcT naIJs of the e/iidernj-il ctW« s (7 ts to 
pierce the cuticle but not the whole will (big 2. d c, ftho 
Fig 00) The Fnsipfic-ie rt\. tjpicsl epiphytes, winch wcue 
ft nucchum o\or the surfice of ptsnts the} ftttftck, tlie 
TOjeehum rctiins its hold bj idhcsion discs or ftpprtssonft ftnd 
from ccrtftui pftrts of tlie-c ft fine throftddikc process is guen 
ofT, which, nfter piercing the epidernnl wftll of the host, swells, 
insjdc to ft simple or brinchetl sue the Iniistorniin The 

^Ithrf nrh il Paumlnnlhotrn Jt \nfl English translation U rrofe^«w>r 
*5-mmil!e MacsniJJin t Ci* , !•>'« 
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Inu'tnm of (Fi^’ 71) nil’ liH'l<lcr*likr 

<if Oifimvi 7’?'<‘/'Tt nro lnl*ct! 

The uniplo^i foninimn of Imi'lori'i con»i«l‘» m tin ontpmwtli 
of llio nijrclniin winch tl(*prc*"cs the cclh'Nall of the ho^t 
wjthont j»t« rcinp it ('«7 In other the 

ccll'Wall, nl fir'l oiil\ «leprr«.<»«*«1 l>ecomi« tiUnniti.l\ hrohen 
ihronph 

C.»rnm lower funpi li\c pan«‘tlic on other fittipi nml mlhcn 
to lln.ir liNpInc h\ tne'wi'* ot well dev«loiKHl aillu''tnn*<.U«c‘« from 
which Inuetoml FtruciimH tire foriiutl in^nle the lupine of the 
ho't. Thus PiptoffphnUt /rf^mn is pineitic on lupine of gome 
species of .1/i/ror, nml pnulucfs from n swollen hulli-hke njiprc® 
sonmn a lufi of \tr\ fine Inustoria insnle the ,Vt/c»ir-lupln 
,$i/Tir»yi/-o/u procuils e\i.n further, for the Innsiorml process prows 
nml hruichos inside the liost, liecominp. in fact, an emlophjtic 
mjcehuni A further mUauee towanls cmloplutic parasitism 
IS presented hj the Clutndmccnc, low forms of funpi lump 
ow nlpai or (unpi , «o«ie w*«d havstornl stnictiiTis into ihcir 
best, Olliers de\elop a iiuccliuiii whose attack howocr »s 
directed against only one Uost*ccll Fischtr, in his "I’hjcomj* 
ectes," thus dc«cnl>os the latter forms "The aogetatuo hodj, 
n resting swarmsporc, consists of n aphcncnl or ellipsoidal part 
svhich becomes a sporangium, and of a (ilnmcntous Ncgctnttte 
portion which spreads through the liost-cell as a haustonmn or 
m 3 celmm and dies aw a) after the formation of the sporangium 
This primitive tnjcelunn is iimcclluHr, and ma) be unbranched 
or %ery find) branched" 

2 Acquisition of nutriment by the endophytic parasitic 
fungi. The simplest case of the cmloplutic mode of life is 
presented by those fungi which aegetate in the epidermal 
membranes of their hosts, and dense their nutriment osmoticall^ 
through the inner eoII'iiflJIs Ihe) Ine covered hy the cuticie, 
which must have been penetrated by an infecting h}plia at the 
time of first attack. This mode of life is exhibited bj mail) 
fungi, particularly by the £xoasctae’, the mjeehum of these 
V egetates under the cuticle of the host plant, and ruptures it at 
the time of ascus-formation In spite of their limited distri- 
bution the species of this group so influence the development 
of their hosts as to induce pustule-like outgrowths, crumpling 
and distortion of leaies, and even “witches' brooms” In some 
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of tlio lJroa‘icc((C the b'lses of the nsci penetrate ileepl} between 
the walls of the epickinnl cells, so forming an inteimednte 
stage leading to other Scon^Ciac nncl endophytic fungi, with a 
niyccliuin growing between, or in tlit cells of tissues winch bo 
dicpu tbm the epulcrniis 

The mycelnnn of CijdocoMum dmginnm grows in the opi- 
deiiinl cell nicnibranes branching dicbotonionsl} under tlio 
cuticle and seiuhng thiough U erect hjphal branches for pro- 
duction of conuha^ Ihe gernimating conulm of S^jhicdoma 
ompdvinm are sud bj Be Bary to penetrate the cuticle, and 
to produce a mycelium which spreads tliereundor and breabs 
nut just before formation of conidn Mi/couka jm7a<iiticn, an 
alga lives uiidci the cnticli, of leaves of T/ica and Camellin 

■\Ve ha\e ne\t to considci fungi with a niycelunn winch 
lues and mnltiplies in the iniuccUulaT spaces of In mg plants 
Liho the j&’toa5c<nc just niuitioncd they push thtirway between 
neighbouring cells and spread through tlio already CMSting 
inteicellular spaces Numerous Uredinoao behaac in tins way, 
and towards the period of reproduction the myc-ohum is capable 
of mcicasing so much that the cells of the host-tissues hccoiuo 
isolated and e\cn displaced The aanous species of Uijdoum 
have an intercellular mycelium, winch hills those cells with 
winch It comes m contact Certain forms, eg Cncomn pinxtor' 
qiam and JPej i(iciintu»t jnnt (Fig 247) possess a mycelium 
which, wlule still inttrccllular, scuds off here and there little 
lateral branches into the host cells Tt is an easy step from 
forms like these to foiins wliosc mycelium is no longer strictlyr 
intercellular, but derives nutriment by means of specialised 
haustorin 

Haustotla of the endoph;7t>c Puasites 

A large number of endophytic parasites frequenting hosts which 
do not immediately succumb to their attach, possess “haustona” 
or special organs foi the acijuisition of mitnment from the 
cells of tlio host The haustorin are lateral outgrowths of the 
mycehnm with a limited penod of growth and a more oi less 
constant form They are more vnne<l in form, hut otherwise 
«pme compirablo with haustona of the epiphytes, especially 
with those of the llrysipheac One of tho simplest forms of 

'tigurca in Funihi PanvtUi, Ca^art^ nnd Tlno<«i 



nn n im rAt a*-uu hnm n 

nn m! nnr^lnjin >* tint rxlnlntf^l In 

tlif* |>nnMl« thf ofl \(T) filK' lilitmiit'* 

wlnrli tlif' wnlU <f n 1io»t rrll ntnl 'wrll IJJ» to little 

litiltonOiVf* nr« Mnn> r«Tini«n|«tmr (/' jyv'jvmr.t /• ntmi 
P. itftnJn fiinl p}vt}>ftfoja fTinirom) ln%i* Inti'tom t>f tin 
fonii jii‘1 wlnrr'i* citing ln\(‘ lluin tlimil-like ninl 

linnrlidl (/’ mhthtrn of ilio w«Kt<lnitn <’r cniintolx IoIkm! (/’ 

JVTrrT»lf0VT) 

Anton^’‘-l llic ►jncH< of I'mliinae* ntnl r*lili^'incic. Inn-torn 
nro tint uticomtnon nnd jm^nt imin \nri(.<l form* 1 Ih\ nn. 
liow(\cr. fL« in nnml«.r. or cemfiiml to ccrt.iin |nrts of the 
mjcclmm, *o tint tin} nn\ Ik* ci*il\ o\irlt>okc*<l 

Hn\i*torn m the form of Ion« ncs of \nnotn lengths nre 
proehicdl In in the tl*sties of I>oth 

co\\l>crr) uinl tir neoeile in jtinipcr hn* 

occnsioiull\ \t.r) (Micnlc I»utton*likc Immtona EvihiphyUutn 
wmprrrxri in the hou*e*!ock Ins Innsiornl bmiichcs Mhich, 
according to Kopf, nro coikd t<v<ll‘^t fttid nnnslomo«<, frcqucnllj 
>\ith onch other Tchitrcinut miioiigst the I’shlngmcie j>os«os«cs 
short hraiiclied Inustorn re«cnihling one-sided cluster*, nnd 
Mclnnotnenunn tn<1o<janan Ims similar Imnstorml-tufts c\eu more 
branched ^ Urocy^^ti'* pomphotygotlf-K in //r^wr^m (nyxt Ins spinll} 
coiled haustoinl lijplnc, wliilc Tillrlin eiidtphylta, Soro^jiomm 
saponartne,^ and innnj species of U'^ttioijo, ln\e Imusiorm with 
the form of knotted hjplnc 

Amongst the Iljinenomjcctcs, Erc^Kmilum tacciiui forms 
a mjcclium winch porinestcs the host-tissues with numerous 
hjphae, but the onlj Inustorn are Iijphic which here and 
there penetrate into a cell No Inustorn ha\o as jet 

been found amongst the Ilasidiomj cotes,* Pj renomj cetes, or 
Discomjcetcs The two groups hst-mentioned hino an inter- 
cellular or intracellular mjcclium which as a ndc quicklj 
kills all cells with which it cornea in contact 

^ Stnclfnhergtuch' ytaUiT/orKh Ge» Abhantll 1880 Plates I an I IV 

* Pnng^htimt Jahrluck, 1805 W-itM VII 

*Saranw has fieured hanslom in mycorhiza of beech without howeier 
detcrmininf; exactly whether they lielonseil to a lijmenomjcete Reess also 
figures sinitlar organs on mjcorliiza proluceil hy one of the luberaceae 



CIIAPTEU II 

RHACTION or HOST TO PARASITIC ATTACK 

The reaction of the host to the attacks of parasitic fungi is 
furl) constant for the same host and fungus The \arious 
fuugi, hQ\\c\er> o\ert on the same host*plant each an mnuence 
of Its own, while diffeient host-plants behaae \er) dilferentl} 
muler attacks of the same fungus 

§ 4 EFFECT OF PARASITIC FUNGI ON TUEIR HOST* 

A Kim-so or Host Cells * 

1 Absorption of Imng cell-content by parasitic fungi 
The lower fungi gi\e us c\ami>lcs of the simplest mode in 
w hicli fungus parasites draw nutriment from their host-cells , 
liarticiihrlj those forms parasitic on algae or othei fungi 
The most pnnntiNe of all arc numerous species v,hich, appljing 
thcmsches to a host-cell, bore through its walls and enter 
the ca\itj There the) derive iiutninent at the cost of the 
living cell-content, — the plasma, ccll-sap, chloroplasts staren 
grams, etc., — and finally kill the cell The host-cell does 
not survive the later development and reproduction of the 
pira'site The effect of the fungus is however limited to the 
^ ’ llillrotli (' uln.f «lje Fm« irkungen lebender PDinien und Tliierzellea aufeuian 


V viie iwsi.KS to to soclv rtvinviU, ivttd to pTodnee outgrowths, 

A c«)niparj«on of tlic external phenomena of fungoid diseases in tlic evse 
of onunaU and pHuts recently fortned the subject of a short paper by Lewln 
*rtnitcia8mii» 



I nt T M ! AT n J < ' Turir it »'>! t* 

r<ll ntnrVfl wliuli l» M c«r/ lillr-l 1-^f It' it nii riihr^f 'f 
< tllf'n'ivo tTirl tn Jlif iJj^iKnrt' cf llir jtjJtll Vr rtTmjk^ 

<f mrli ]nTn‘ttt’» nn I*'* nt*'*! 1' «tin« rf tlif' ( It' in lnr« if' 

t1io .!rr^ trnt/rf^A if I p-rltrr— "I ikIi n ttllf' itilnl it ntil' 

i^-chlM c>\U «f tlfir Tf'jtrTti'p !i<Mt]!int* Tlii' nif-h <f 
mitntinn i« i qiin ilmi t«t tint * f llic Xt'xojii'crtp* nii<l M'r< 

"Inch >• rl» tlio r< 11 o ntriin nflcr <*< ni]>1«'lrl' rn'rlo|i!i^* tlio 
li\ ms coll or nfi» r >li} j ms m*i lo «'r n tulins i\ Inii'lornl I rocf 
into It 

A ‘Of tii'l uncs <f i».it'»‘'it« ^ c«»n*'i*'l«« <r llioo which li\e 
<n tin cfiitmt*' of the ho't Cfll ninl j.i'i it lime to met to 
ih» numiluA cxtrtitl l\ tin. intnnkr lh« n iclmn ^.cncnll' 
n«ult« m II cell cnhr^oncni or fimsn^ l^ill "Inch in the simpler 
CISC.S mcUnlcA one cell onl\ The Inrlioiirti one or niort 
piri'ilcs which sri'linll' u«c np tlic c« 11 contenK examples 
we hi'c. lutno'/itnfii* ninl O vrfihnt*^ P'j'wfifpulwvi 

s/tj rvlrjninr Olpulw]>^ts PtprdfijnvH 7i7ii<>»y/ft /iv^xv/crm * etc 
A spocnlU stnkmj* ca«c. is that of Jiulmchrlus fvhjrns uliicli 
causes the rudiment of the Fitormgiojdiorc of Vihlolv^ Klnnw 
to become hvpcrtrophicd and gnlMikc ’ 

We hi'o as a tliird «cncs tho’*c pansitcs which itcuetnilc 
into li'ing cells and nb«orb tlicir contents at the same timo 
stimulatuijj the host cell lo ahnormnl and mcrcaseil srowth ns 
well as some surroundinj; cells not direcll} in contact uith the 
fun^jiis In this case the parasite everts a far rcachiHj; effect 
and produces a gall coiniKi'icd of more limn one coll Species of 
Synchytrxnm are examples The fungus itself penetrates into one 
cell onlj, which enlarges, but simullnneousl) the surrounding 
cells grow and multipl) to form a wail or rampart enclosing the 
cell onginall) attacked Other parasites do not absorb the 
host contents as a whole but onl) withdraw osmotic substances 
bj means of delicate processes of the fungus hj pine These 
haustorn penetrate the wall of the host cell but the fungal 
protoplasm inside them remains separated fiom the host proto 
plasm bj a delicate membranfe In the case of the vine mildew 
and some other Erjsipheae the cells thus prejed on turn brown 
and die With other related forms (cj Sphacrothcca castngnci) 

*See Fischers PkycomyctU» 

*lhis causes a slight swelling of the root haire of lanous plants And absorbs 
their content 

*Zopf Dtitruye zvr i’Ayjicf m MorphtA met/ Orjianismen, it 1892 . 
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absorption by haustona results m a deformation and distortion 
of attacked oigans, \\hich embraces e\en cells far distant from 
the point of attack, yet without death following directly to 
any cell 

2 Absorption of cells or tissues by parasitic fungi The 
total absorption of cells or tissues by parasitic fungi constitutes 
a special form of cell-destruction Cases of this kind occur 
particular!) amongst the Ustilagmeae Thus Uiocystfi xiolac so 
stimulates the cells of that the) dnide and produce a 

delicate tissue, rich in protoplasm, this nutntise tissue is used 
up when spores are formed, but without an) great detriment to 
the host-pl mt At the time of si>ore-formation of other Ustila- 
gineae a great destruction of the host-tissues ina), howeaer, 
take place, this is especiall) marked in attacks of U^Ulaifo 
maydxs, V nicnrtc, Tilleha ttitici, on the oaaries of their 
respectiae hosts, as well as m other cases to be considereil 
later 

3 Killing of host-cells and tissues by fungi which excrete 
ferments The simplest case under tins heading is piesented 
b) species of Sclerotima studied b) I>e Bar), Sd ^chrotwrnm 
Th6in}cehum of these, while still Ijiog on the outer surface of 
the host-plant, excretes a ferment which sinks through the mem- 
branes into the coll-caMties, causing death to the protophsm and 
even destniction of whole tissues 

A sirailai process ina> be assumed in the case of numerons 
fungi with a m)celium which grows onl) lU the intercellular 
spaces, )et causes immediate death to an) cell it uia) toiicli 
This IS the case with many leaf-spot diseases, like tho'^e due to 
Ceicosjwxa, ffi/^lciuim, etc So also do the apices of ihizomorph- 
strands kill portions of the bast of h\ing Conifers with winch 
the) maj come m contact The rapid death of tissue following 
the attack of such deadly fungi as Fliytophthoxn is probabl) 
due not altogether to the depniation of nutriment, but aUo to 
the effects of a poi'ionous excretion This, howeier, has not as 
jet been satisfictonly ascertained 

B. IviLLi>o or OroANs or AVjiole Plants 
A large number of fungi have a mjceluun which never ex- 
tends hejond a very short distance round the point of first 
infection, and causes onl) local di^ea'sc, frequentl) with no 
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|>orccptjl)lc di*lutlinip cnToct on the Ih*'-! Such is tlic ease 
psTlicnlnrl} witli Icnf ®lKit di«ci«os (he tissues of pjhiIs 

arc hilled niul fill nut tlie leif *»p|»cinii^ ns if I'orfonlctl hi 
phot, hut otlienusc ^^hlhltlnR no tli«col»ntioii or other pimptnin 
of (h«cise In continsl to lhc«e there nre fiin^M which, directli 
or indirecllj, hnug nlmul «lcilh of their hnit or «oinc jvirt of it 
Tlic piiiiplcsi example of |virisuic fmi^i killin^' their host 
direclU is prc*ento<l h\ onc-eollcd or few 'Celled jdints which 
poon pnocuinh to nttich c\cn on i Riiifth cell ^Vhere, howcicr, 
the host IS a highlj orfr»nir«l plint, its or^ns will resist the 
altick of the pinsitc for pome time Thus with Phylojyhthora 
fagi, the mjcdium spreads npidh through the tissues of n 
seedling, «o lint death ciimich in n few dijs Siimhrl) species 
of 7Vrt)>in«'porfi npull} kill leucs, hnnehes and fniits, likewise* 
CM'?os/»ortif>», Srjytorin jynmsxttcit, and others 

Somewhat different in their action arc those fungi which 
kill some tender i^irt of a plant dircctl), and thcrehj in* 
dircctl) further the death of other parts dci>cndcnt thorcon 
As examples, take Pc^alozztft llartigu (I-ig 301) and Phoma 
(Fig 293), which kill onl} some small jKirtioii of a 
joung plant or branch, but thereb) cause drying up of higher 
or distal parts Gxllcra laceiim on stems of cowberrj (Fig 95) 
IS another example Similarlj cankers arising from Kretnn 
(hit&iiina (Fig 80), or Pcztza irt///x>mwiu Again, Aganciis 
vicUevs and TrameUs radtctinnla kill roots or lower portions of 
the stem, and bring about the death of trees of all ages 

Tlie case aancs somewhat avitli certain wound-parasites like 
Nfctna cxnnalanna and Inbunn There the mj 

celium extends so Mgorouslj m the water-conducting organs, 
as to kill them and fill up the xessels, causing thereb} so 
senous a disturbance m conduction, that branches or whole 
plants wither awaj m summer. Tlic wood destroying Polyporcae 
and Ayarmni act similarly, although more slowly , they attack 
large branches and stems destroying all parts of the wood, 
duramen as well as sap wood, and finally the bark 

There are also cases where organs of the attacked host 
remain alive, hut suffer on account of the hypertrophy of other 
parts In this way portions of a plant may be killed although 
not directly the seat of the parasite This is particularly the 
case where hypertrophied organs undergo increased growth and 

R 
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Utilize the water which would otherwise have ascended to 
higher parts of the braneh-system (Fig. 3) It must indeed 
be assumed that the latter are preyed on by the hypertrophied 
parts and give up plastic nntenal, which they would otherwise 
ha\e utilized themselves or stored up as reserve matenal. 
On branches attacked by mistletoe and other phaneioganious 
parasities, it can easily be observed, particularly on broad- 
leaved trees, that a supporting branch glows vigorously in the 
parts under the influence of the root-system of the parasite, 
w hereas tiie distal parts of the same branch-system remain 
stimted and finallj die The mi«tletoe bush thus comes to form 
the termination of the supporting branch If, in consequence 
of this, the branch ceases to produce the leaves neee«»ary in 
preparing food for it, then like ever} other leafless branch it 
dies Such branches carr}ing leaves of the mistletoe alone may 
frequentl} be found on firs, pines, and broad-leaved trees, 
even whole tree-sunimu-s have been seen on the silver fir with 
every branch torminaiod b} a mistletoe-tuft, not unlike some 
huge candelabrum 

In a similai manner a witches’ broom, developed from a 
lateral bud, exhibits throughout an incieased growtli, while the 
branch supporting it remains thin and dies from the inseition 
of tlie broom outwards So also m attacks of Gymnosporansium 
on jumper it may be obseived that the parts attacked have 
their growth much accelerated and many of their dormant buds 
developed, while the distal parts of the same branch die off 
in all such cases it is quite probable that, as the distal parts 
Uie back, an) food material which they may contain finds its 
way into the li) pertrophied region 


0 S^oRTEM^o OF Life 

Jinny fungi mlnbit a plant uithout disturbrng the deielop- 
ment ol any part or causing immediate death, jet uith such 
effect that the legetalive period of the orgau m question 
terminates earlier than normally 

of stalimg example of this is presented by the needles 

r/«/ ^Ti ^ '•rooms caused by Aeeuhmn 

but vh' n' "“"““"y 'egetate for sere.al jears, 

■s n So also needles of spruce attacked by AcLhvm cor- 
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•K'icans, which may, in addition, bnng about death of tlic whole 
shoot Needles of spruce beset by aeciclia of Oirij’iomyta 
rhododcndri are cast after reproduction of the fungus in August 
or September, while with Chrysomyxa alidis the needles of 
Comfeis fall in May The latter examples differ somewhat 
from the former m that the mycelium lives in the witches’ 
broom for years, and continues to send out new shoots with 
deformed needles whereas in the CJiii/somijxa attach the my- 
celium is confined to the needles and falls with them 

Examples from other groups of fungi arc the witches’ brooms 
of Alniis %ncana caused by Exoasciis epiphyllus The leaves of 
these are fully developed though somewhat modified in form, 
their life period is, however shorter than that of normal leaves, 
and they fall earlier It may be observed here that this 
phenomenon of premature dctoliation is one recorded as a 
conse(:L'’^ent of many parasites The vvitclies' broom twigs of 
the alder grow and pioduce buds almost normally, yet the 
whole broom-system dies m a few years, and long befoio the 
normal hfe-period of the tree 

The war of extermiintiou by mycelium against host-plant 
may frequently list for a very long time Hartig gives an 
example of a larch which had earned on the combat with the 
larch-cinker (^Pezi-a ff lUKominti) for over eighty years, because 
during active vegetation of the host the parasite was unable to 
make headway 


D Prejiature Development of Bods 


The unfolding of buds in spnug in advance of those of 
normal plants is also a feature of many’ diseased plants This 
la manifest in the earlier unfolding of buds on w'ltches’ brooms 
0 t e sihei fir and cherry The alder witches’ broom, already 
referred to, is however exceptional, m that its buds open after 
those of normal twigs ^ 

A premature flowering may also result, so that flower-buds 
lormed m summer unfold the same autumn instead of during the 
0 owing spring Thus in a recent autumn a violet opened 
m a plot in the garden of Professor Ilartig in Munich The 
ower was found to be somewhat stunted, and its stalk beset 
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R &Iorpli der durch Exoasceen veru 
Munidi, 1894, p 18 
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l'\ jiuvUilcs of fn^i/c/n n 'Inf, llic tn\cclimn of winch Ind 
^KTcrniitM in the ^loni Kerner in hi' * rHinron lcl*on " ’ 
tiicnlion' a Fitnihr ci«o where flower' of J'nmtiln and 

J' >ninij;i<7 nttnckctl ll f’n»OTV<vt jfrtmvhr !i if nnfnldc<l 

l^rcnntnrcU in aniunin 

L rKr'*rr% ATioN or Tiir llo^r 1*1 avt A'tn or Host Tis«t rs. 

(( vsrrxATU't) 

In conlr\«t to lhn«c juriAitcH winch attach a plmt, or ivirt' of 
It and iinmcdntcl,\ kill it or ollicrwi^c exert a tlircct deilnjcliie 
influence, we Inic thc«c which li\e for a lon^'cr or ‘shorter i>cnod 
with their ho«t without proiluciiig 'ucli an effect Colnhitation 
of till' kind inaj H^t onlj for n fhort time and tornnintc with 
the fir«t rciiroductnc perioil of the fimqu«, or it nnj hst for 
3 e.irs ns a jHjremntm^ s}mhiosi<» or as a j^rpetinl one like that 
of lichens 

This phenomenon is particular!) consj'icuous amongst the 
rrcdmeac. Thc«c throughout their whole development adapt 
themselves to an e\istcncc with living host cells, so that the 
latter die onlv after the reproduction of the fungus Krequentlj 
the mjcelmm lives in perennial organs for a length of time, 
even for man) )cars The attacked parts arc of course injured 
to a certain extent, and h)pcrtroph) of llic most varied kind, 
accompanied b) chanctenstic phenomena, ina) take place )ct 
this oiil) towards the tcruiiimtion of the period of development 

The Ustilagineac arc m n similar manner adapted to an exis- 
tence in living organs, and there produce their spores At the 
tune of spore-formation and liberation the) are dcadl) enemies of 
their host tissues, )ct previous to this the) vegetate in the 
living tissues with little or no apparent injurious elltct Some 
like Ustilaqo jicrcnnant, even pass llie winter in the living host- 
tissue Without killing It 

The individual species of the Hjsteriaceac, Discomjcetes, 
P)renora)cetes, Hjinenomjcetes, and lower fungi differ ver) 
much in their action , man) of them inhabit living tissues for a 
length of time without injunovw effect, while not a few, like the 
Lxoasceae, even perennate from )ear to }ear The galls pro- 
duced as a result of Exohanthum do not die till the fungus has 
reproduced itself It is unhccessar) at this place to give details 
' Fnghsh Filition lialural IIi^tOTyof Planf$ \i p 52"i 



r.rAtTTON or i:'>t tv' TAn.^'^ntc attack* 

ct I'.r.r Jir-.x rcTr.v of th-:■^^ vfll rcfomni to rc-’-in 

ir. srh-'-i *.c.r5 tvLer. !:y|-'.Ttn-T!iy x:ti*Jcr cvT'i- 


: ' EVn^T i‘F rARA^mO VO't*I ON' THE FOP.M OF 
THF lU^-FLANT. 

i. Arr« 2 t cf grcirth, ard Atrophy. \\T.ilc a l\rpt uttaKt 

HAtr:: .‘rid o\.n ^.rorV.y of 

/;; <.\;rxr.vo kivd.. Ircor.'.pletely 
;^-«T oTptT.* ef th;< kir.d 
:..-T or.^.r.Tio ovt,r. Trhcro the 
f..: -.•< in jv<'C5':'n pnxV-cv? 

V .> Iv.U Tu- 

osir.-.r't-s f.rv j-Tvs^-nud 
••> n 'r.Tfjxv'U# of 5’,, .-'.jirii r 

I * >ti- in r.‘" •• i^.nriK'ACrrs 
A <:ir..nlii^ r«.#nkin^ in in(:ri.A'cd 
-T. wib. ii ‘ liniitcvl to the 
coll AttAckisi. Vnt oa-* 
ttr'ir.^ to r.cijthloiinnp evil*, 
"In'' in o\-r.«<^',nvr.c\\niiiltU'''y 
*ivd forr.i A rlii-^liVe j-nellir:: 

, , , Tv-nxl It, Tl.o Uivi'# fA A 

.'•t'. .-irotr An: ivatK d.itki.^xi . 1 .- i«v.iir..i in 
n- cAtn-n-.c rcay K' nin.>-.n:.-d or.lv Iv il.e niidrih ?.Tx 1 
''kilcnk.x ‘ ■ 



rnn-xvr m.-.r-ln ,F;; 


tA\C< 





, f. '* SxA-i* kird* icni linin’ lc<s diiii’oil nril i. 

toAtr.Ti' iFi.^ 1<:6V 

rtriV;?.- 

r«»vw 


i-c^rnt-s. <nch n ccao in 



imcT or lAtuviTJt nN‘‘i os Tin h'Jm nj iiovtimst 

ranvncvhulr* umlcr llic uillmncr of Maiftw} j^vnftnltm In 
llio ca‘c^ t!io fioml Ica\c* vcic inriow, clditrntnl, nnd 

pTccni'li, ^ta:llcn•‘ ^^crp fonnc<l Imt lut cari'clp , in iiion- i>ro- 
nomiccd n'p«, tlic pclnl* ^\pro onh npM ‘ruled ni *jinll, *niii>Ic. 



stalked, green lea\e9, the stamens were reduced in number and 
there %\ere no carpels One case e\lnbited, m place of a flouer, 
only two leaflets terminating the flower*peduncIe, one of them 
palmately dn ided 
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REAClION OF HOST TO PARASITIC ATTACK 


True atrophj is best seen in those cases where flower forma- 
tion IS suppressed This effect of parasitic fungi on then host is 
bj no means uncommon the fungus alone reproducing itself, 
wlnle the assimilating host plant remains sterile This atrophy 
lb found not only in annual plants hut also in those where the 
s} mbiosis might be designated as perennial The last raentioned 
case IS exemplified in Arctdium clatinum the witches’ broom of 
which never beais flowers again b) witches brooms of Sxoasc^ts 



ccrnsi (Fig 5) which bears only leaves when the rest of the 
tree is m blossom Another perennial sjmbiosis behaving thus 
IS shown in Euphorbia Cypanssvxs attacked by Aecidium 
enphorhae, jear after jear the diseased slioots produce onl) 
lea\es which assist in the reproduction of the fungus (Fig 6) 
Similarly with many other Uredmeae 
"^Arrest of tlie seed occurs m o\anes oC species of Priwi's wnder 
the influence oi Evoanci (Fig 7) In flowers attacked by Ci/stopifi 




1 ITHT nj .Ml A'^ITJ' 1 1 N««l OS TUT mt M o) H(»‘*T1MST 2'» 

llic U-coinc wlicm< llio ro«l of tlio flower 

1 “ Injx rlmplneil Siniil'irh «illi 
flowin' of rowl*ons i1ofonnc<! 1»\ 

Kri /iJfTTl 

L’ HjTCrtrophy . — yUtn inn* 

«itic funpi ciu'i nbnoninl cnlir^ic 
niciit or other iinlf<*r»ntion of 
jihnt«i which thcA ntl'ich The 
sunplc't cn«o of h\i)ortroi»Ii} i** 
mil m the enhr^onunt of n nm 
ccllulir phnl n« n result of nii 
(iuloph)lJC pnm'ile 07 
AVrjjMJ Wltll rifilmfhrhtt 

Tlie Mine c\ninple is rtl<o th« 

«implc't po''''jblc ci®o of a j»nll 
ciu'ixl bj a phut, ami tli'^tin* 
guishtd bj the mine of ‘ fiin^rus 
„nlls ’ or Mjcocccuha from /oocc* 
cuUa, the gilU c.iueo<l bj nninnls 
Larger galls occur on Iciacs oi" 

Utacked b} Sunthytnnm, where <» T«b«uf 

not onl} the single cell attackcil 

becomes enlarged, but also the surroumlmg cells , these galls, 
however, form but tmj points on diseased leaves Snmlar 
small and local enlargements of the Icaf'ColU, accompanied 
frequentl} bj cell multiplication, arc caused b) many other 
fungi, eg species of ExoascJis More extensive malformation may 
embrace some part or even the whole leaf, so that it is more 
or less enlarged and beset with blister-hke outgrowths as with 
other Exoasceae (see Fig» 62 and 64) Other gall forms are 
presented b) Exohandium on the alpine rose (Fig 259) where 
the gall is alvvajs localized to a small area of the leaf and 
on the cowberry, where the gall may extend over wliole leaves, 
and even include the shoot (Fig 256) 

Hjpertrophj of the whole shoot, resulting in elongation and 
thickening of tlic twigs, is a phenomenon freqnentlj met with 
in the “witches brooms” to be referred to later And just 
as entire branch systems may become hypertrophied and elon- 
gated, so may whole plants, if the mjeehum, instead of remaining 
localized, spreads throughout the plant Examples of this will 
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REACTION OF HOST TO lAIUSiTIC ATTACK 


he described when we consider £vjihofhia with Accuhiim 
cxi'^hoihiac (Fig 6) houfee leek with Endophi/lbm, anenWne with 
Accidium tFig 190) and cowberz^ with Cahjpio^o^a (Fig 202) 
Where plants like the cowberrj and anemone Ine in cojn- 
munities then these elongated individinU rise above their 
healthy neighbours and the fructif}ing fungus has a better 
chance of having its spores distiibutcd b} wind It must 

however he observed that when hvpertropbj of a whole shoot 
or plant occurs every part need not he enlarged to a propor 
tionate extent, m fact some parts generally remain abnormally 
small CQ leaves in cases of nists upon cowberry, fir anemone 
and others On the other Jnnd both shoots and leaves may 
be abnormally enlarged as m cases of alder with Exoasms 
To^i iiittix or £ cinphyllu', * 

Hypertiophj of the roots occurs on alder where large tubeis 
are produced by FfonKw (Fig 21) On Leguminosae tubercles 
of various sizes are caused by EhicOixvi (Fig 22) Foots 
of Jincti^ develop thick lol>ed outgrowths* as a result of Schtn‘'ia 
(Fig 179) Foots of turnip infested by PUtsmoihophora have 
irregular swellings of all sizes (Fig 31o) Mycorhiza frequently 
evhibit tubercles or balls formed by tJie massing together of 
veryshoit diehotomously brmched rootlets into clumps (Iig 18) 
Cycad roots under the influence of Jt/tt ohim and Eodoc al«o 
exhibit hypertrophy * 

We shall novv proceed to consider hypertrophy of the repro 
ductive orgins and at the same time to notice some othei 
changes induced m the flower by parasitic funm 

Znflirence of parasitic fungi pn the development of reproductive organs 
of host plant 

Disoa^^e of tlie flower and frmt when not caused by fungi 
winch kill the ceil generally causes striking floral malformation 
These we may group as follows 

1 Atrophy or total suppression of flowers 

2 Arrested development of flowers 

3 Dc\ elopment of rudimentary oroTiis 

4 Abnormal formation of flowers 

5 Hypertrophy of puts 

C Transformation into sclerotia 

>'<16 also § 7 *Scl>iiftilcr Jioiatical Ca cite 1691 p. Jj 
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Tlic lANo fir*t liN\c nln nU Invti The hitc^I 

of iJic floworn of nncninjie. n* n of Jrnritvm ynurfaiinn, 

is n further (>ani)'1e of 2. ninl nt the Mine lime cxrmj'lificH 
Cfv*r •}, in tlnl the floral Icixt** l^e^omc f.Tcen foliage Icaxc**. 
though of a \trj ‘Innted kmil The j'clah of Criiciforae h}j>cr- 
Irophiofl timhr the inflnciiee of Cy<f>j>v* often Ixcnme 

green, ami at the *ame tune imicli altcrtsl in f.haj>e 

A pnrticularlj intcrt*‘ting ca<e i** j»rc«cntetl li\ the ile\flnj>- 
ment of the Hamcn« of the pi'-tillatc flowers of /.vrAjn<? t/nnor 
infe«tc<l hs the mjeehum of nohcrtf Tlic'-e htanicns 

noninlU remain rmUmenlars, hnt in the ili'‘i.i«e<l nhnoniinl 
tlowers hccoiiie fvill\ «le\elo|Hsl like lho«e of the stnmmate 
flowers vNCtpl that the s|>ores of the jnMsite replace tin 
iKillon in the antlurs (oanl* has flcsignaitil this jihcnomennn 
ns castration parasitaire," nml lie ih'^tnignishis three mcflifiin- 
tions amongst nni< 0 Mial flower*. 

(fi) Stamens appear in pistillate flowers (“ondtogenc cnstnition 
parnsitaire ") Tins occurs, as alreadj mentioned, in pistillate 
flowers of ZyrAiui dwtea frequented ht V'^tiloyi' 

(h) Oiaras are dc\tlope<l ni stanunatc flowers (" castrntnni 
theljgeu”) lAamplos. Catfi j>iarroi with Vdxlafjo c«ncx\ 
Jixieldoc d<ictijloidcs with Tdlrtw IvcldiMOxtn, and AxHhi>pi<ijon 
proxxncxalis with Vslxlago undtojicyonx^ 

(c) In flowers of cillier pex the sexual oigans of the othei 
appear in consequence of the influence of the parasite (“amphigcm 
castration parasitnire ") Giartl compares these cases with that 
of the de'clopniont of the organs of the latent sex in animals, 
eg. of cock’s feathers on nn old hen, or growth of hoins on 
castrated or “gimmer” animals In both cases the phenomenon 
is due to the same cause, in the animals the organs of the 
latent sex appear as the result of tlie normal organs becoming 
functionless or being destro}ed b} castration, in the plants- 
through stimulation of the Intent rudiments by the fungus, 
which does not, howexer, cau«ie suppression of the organs 
already present In some respects the phenomenon is comparable 
with what happens when the terminal shoot of a tree is lost 
and some neighbouring lateral shoot turns vertically upward 
to replace it 

The effect of fungi on the reproductixe organs of plants 
•Mangm and Cianl, DulUlin tenm de la France et tie la Behjtqw, 18S4 
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nnj- nl«o be «een amongst lower cr^ptogamic plants, two cases 
of ■uhich may be meniioned here' Plcotrachclvs fnlffcus, 
inhabiting the mjceluim of Pitoholiis Klcinn, causes the 
fornntion of galls and the suppression of sporangia, while at 
the same tune zjgospoiea, noniiaUj rare, occur in large 
numbers Likewise a species of Sytxccphahs parasitic la Pdoholus 
oi/atallinu!} causes suppression of spoi.ingia and stimulates 
forunuon of zi cospores 

The tran=fonnation ot floral organs ina) resemble that observed 
bv De Bari, in which as a result of attack of Ptronospora 
iiohcca on Knantia niirnsis, the stamens appeared in the form 
of Violet petals Douhhng of flowers is also caused, as in 
Soponana ojficxnahs uiulei the influence of IT'^tilago sajwnarxae, 
and Compositae with Pitono\poia lathi 

The Vstilagineae, peihips cause the greatest amount of varia- 
tion on the flowei, because man) of them produce their spores 
in the floral organs of their host Thus, in the anthers live 
U'-txlago ixoheca, hhUx '■cahoixir, tnhnncdxa, svccxsnc, tctonicac, 
xMjor ^corzoncxai cnp<»si'> pixujnuola<, Vcidaixtix, and ra&nrcmta 
the last nameil also occurs in ovaries and stigma 
'"0 also do manv others inhabit the ovar) or some other part 
■Many, like U^lxlago wntjdx^ form spores throughout the plant 
as well ns in the flouei, and bring about liypertrophy and 
cie'structiou of pirts Amongst these are UMihgo nienac, 
pirennans, hoxdci, xxiula, (ntici pamex mxhnccx, Hiham, cniaita, 
sorjki, Cramcrx caxtcis, tragopoyonifi, Txlhtta lncii% etc 

Gijdopxis (Fig 35) causes vei) characteristic li)'pertroph) 
of all pvits of the flower, paiticularly an enormous outgrowth 
of the ovaries and floral envelopes, wheieas other parts are 
arrested iii their growth llakker investigated a number ot 
Crucifcne with flowers deformed b) this parasite, and found 
variations in the form and anatomy of the deformations 
produced on the diflferent bost-species 

EroluwUum also causes well-marked hjpertroph) of flowers, 
and even of the whole inflorescence of cowberry ‘Woronm* 
<Iescribes and figures such cases (Fig 25G) All parts of 
the flower may be attacked and grow to a great size, becoming 


•/opf , liumtn* iur Physiol unl Morph maltrtr Oi-\jan\^mtn 189*^ 

/ojf , “*Hr Kenntniss a Intectwna Ktwiklmten nied Thiere u Pflanzen ” 
Aom Ar<a «f t Ltop Cnrof i> JlnJ JJaUe ^ 28SS, n 336 
’Katiirioncn (iwllschaft Freilmrg i B, ivg” 
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nl ibo Mine lime nrnl of n liriplil ro«‘‘ ml colour , tin* 

oMilo< nrc ‘tonic or nltionnilh forinol WnVkcr, lio«c\cr. 
found tin MTA iinrkcl rlnn^c in llio ntntnjmcnl ^tnicturc of 
FUcli flower* 

Tlio ^]•oclc« of llic lAot*c< n nl«f* j»nxliicc ‘trikiiiR li} j>crtroj'h} 
of flower* Tliu* tlicre nrc lln* ‘“icdikc onl^rowtli* of the 
c,ilkin-*cnlo* or otnric* of jmidir ctn^ctl h\ Tnphntia Jihnut^mn 
and T rhitnpl, m (I ip 52), ntid the ‘ jx*ckcl*jduni* ” or ' fool* 
due to Kronie-v* yrtnji 0 V* t'l'd 51) In lhc*o li*!- 
incnlionctl ca*c«, the oultr li\tr* of the ovnrj Itoconic thick nnd 
flc.*hj, pometum* rciimnin^ preen, while the ftono and kcnicl 
rennin nidimcntir) The aider, under the influence of /.'nweree 
alnt ivrnnne. Ins the ealkni*«ciles much enlarpcel. tleiin\cd of 
chlorojihjll, nnd of a red cohmr (hip 55) 

Muninnfication or the inn«fe>nintion of the fniit into n funpil 
rc*tinp*bod) or *cleroiiuin, n not nnfnqucnt In sonit respect* 
this process rc*oinhlos the chnnpe in osnries hroupht nhout h\ 
Ustdapineao Here, howeser, we hate to do netthcr with h^per- 
trophj of the fruit, nor }H with its complete destruction Tin 
best-known sclcrolium is that of Claxicfjn jmrinata (Fig 84) 
It first fills up tlie lii*e of the o\ar%, then kills it and grows 
out ns a large horn-hke sclerotiuni The sclorotium of the oik 
{Sclaotinxa Lat^hxana) completel) replaces the acorn, kiMiig 
onlj the outer cosenng enclosing it Likewise, in the immiinified 
hemes of hilberrj, cowbetTj, crowberrj, cmnhcrrj, nnd others, 
one finds the normal pirts almost wlioll) replaced h} the 
resting ni) cclium of some sj>ecics of S^-Uxotinia 

FormUton of oew Otgiua 

Although parasitic fungi commonl} induce h)pertroph) of 
existent organs and dcielopmcnt of normal latent structures 
the} are seldom associated with formation of new organs As 
such, howc\er, we must regard the Yormition of adventitious 
buds on the fronds of Plena quadnaxaitn, Retz, nnd Aspichuvi 
anslaUm, S\v , under the influence of Taphrmn laurcnaa, 
and T Comii cenx, respective!} * Duds or bulbils of this 
kind occur normill} on several species of ferns , but in those 
just mentioned the} appear onlj as a lesiilt of the parasite, and 
develop into structures reminding one of a witches broom 
'Giesenbagcn Flora 160*2 
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St\U mote btrikiiu ftro cert tin =inictwrt?‘’ ye^emblirtg witclies 
brooms, which are pro hueil on Thvjop'i> in .l.ipam under 

the lutlucnce of the mwehum of Ofrorn't tkfonimns (Fig 8) 
Thc-'C con-'i'-t of leitlc'.-. non chlorophjlloi's n\e&, dichotomously 
bt-xm-hed and nuh etch bnnch endin’ in n dice. They nri'^c 
from chuots oT letw'b of the rdiyj^is where ctructurcs of the 
kind xxonld ne\or hi\e an-'cn noniiilU, ond are txhoh) sub* 
-irvieut to the roprodnelion of the fuxtguc, which forms ils 
'orj nndor the opidermib of the tonnmM dwoc 



Oi<>Nn // ti 
lf»fle-s (lixti With ettb 
rh t.) 


I"* Tie )ir<t 1 Le «lrucnire« «r® in ich 
1 tb«r fwufj «n<tio*. fn ' caeMOJX-Jjso. (r Tul>euf 


Tlu! S\1U jiTOluml l>3 TnnhK on Sijcchn- 

hnni< nre iMrticnhrlj mt^rtMin" Here, as a‘ re>uh of the 
prc'ence of iho pmsite, there ire fonned the co called xegetatne 
cankiT'cdlc and m addition, (he fruvt*g»lh, new organs derned 
from htonl ont£n-in>th5 of the host'phnt, and of uce only 
in the cjioro formation of the U^tthq\ ihej contnn a cpecml 
W)ulhtium*hV.o tisane, and «ei\e evclusixeK for the dielter and 
disinbution of tlie fun.r«s-«pores 




irrrT oj rAr^’^irtf nsri on iiii j'orM •'» itf»sTrMM TI 


Vitiicwlnl <lnul tfnl ci‘C' nrt» Uio n '^inl luu' nf'rnl 

irtoi« vlnrh nn^f* on /xt> r> « mnan^n*)* nltirkcil 1'} } nJxn} Id vi 
ht n (t^^lfr tlif ir «h'-oo>crcr rofr'inloil llicm dcfonnr 1 ftrtn 
1 ni ilic\ rr'cniU*’ ritlior tlio pill< of llif* nlpino rnn 


f r n H CT OJ rVlJVMTlL U NOI ON ( ! r I,(t)NTI NT' 


Tlic most cnmnmn mtl nt tijc miih Iiiir most njijxjrmt 
ctfcct of ]i.in'Uic fiuip in t!ii< dirocti m tlic stinmhii >n to 
cell <li\i«ion nml cell inulliplic'ilion This occurs cfiirlU in 
jonn;^ Ir'iios or in tliosn «itU in process of cmwili and j;i\es 
n«c to nmiunns jkccnlnr out^rouths niid swclhn^'* some of 
\\hicli hi\e nlrcidN been refcrrct! to 


The leinnchMin of iintnre tissues iin) nlso exhibit SLCoiuhrj 
cull diMsion when under the intlueitc« of n pinsuic funj;us. 
This I found to Ikj the ci«u in Icif , 

pclioks of I nilHjlliftn. jitlichtd h) 7® I 

Pn(uti/cf% mften rits (Ii^ 9) Tin ^ 

ipidurmis and \ iscuhr bundles nre nexer VX 

disturbed but the intcrxiiiing tissues arc 
pennusted b) sn miorccUalftr in}cchuin r’A~'X-‘C'' 7 l '7 
which causes the cells to dixide into n \.3x 
hrue number of duheate wnllcd clnmburs 

, ® , t. . 1 I t> — SccondtrycetWlTlilon 

all containing nuclei snnUcr than tliosc ^ 

of neighbourin’ undnided cells Ihe « afro.,-oru». tiic n cn ot iho 

, , , , . new c Us »ro n ucU • allcr lha 

same tbing is obsened m plints of th™,eof iheprimarTceiL ( om 
Violit oloicUa inlnbitud b} rflroH* 4 ) (v t bi id i) 

nolae , the msture parenchj inatous cells become diiidtd up 
b} means of delicate walls running in \arious directions into 
numerous chambers or secoiidarj cells which \Vakl er in 
describing has named nutntn e tissue ' This new tissue 


remains permanent!) in attacks of Protomyccs but with Uro 
cy%tis It IS almost completel) used up during tlie formation 
of spores In some diseases caused b) Exoasceae a similar 
seconder) cell division takes place , for example in the sub 
epidermal parench)ma of leues of poplar witli Tuphina 
aiirca (Fig G3) 

An interesting observation was made b) Rosen ^ on the direct 


‘Wakker Untersuchungen Prt gihttmi Jahrlueh 
* Rosen Beitnlge ken lm»i d P/lan enMU Habil Sclinft 1S92 
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cfilct of liaustotn of Uredmeae on the cdl nucleus He dcscnbes 
It thus “The m^cehum of Piwmia asarina permeates between 
the cells of the leaf-tissue of Asanim, and sends into almost 
ever} cell of the intected part, a short, sometimes branched, 
h}pln, winch sctncs as a hauslonnitt Tins grows in almost 
every case towards the nucleus of the host-coil, and becomes 
final) attached thereto or conipletelj encloses it The nucleus, 
in consequence, undergoes considerable deformation, sometimes 
being tightl) constricted by the haustorium, or the apex of 
the h)pln penetrates deep into the nucleus, pushing the nuclear 
membrane before it ’ 

Enl irgement of the cell nucleus occurs, according to Frank, 
in the cells of the root-tubcrclcs of Legnminosac caused b) 
bacteria, likewise in the cells of cndotrophic m)Corhiza of 
orchids Schhcht,’' in considenng the eudotrophic mjcorhiza of 
Paii'i quadrifolia, sa)s,“Oiie ohsenes here, as m the mjcorhiza 
of the Orchidcae, that the cell nucleus, which is aer) large, can 
exist in the cell beside the fungus tissue The h)phae, howeaer, 
frequcntl) penetrate into the cell-nucleus, or surround it m 
a close netw ork ' - 


The effect of parasitic fungi on the chloroph)ll of tissues 
attacked by them is verj \aned We maj distinguish three 
cases, apart from tho^e m which the parasite kills the host-cell 
and its chlorophjU along with it In the first, the green parts 
of the plant attacked become bleached b) the influence of the 
parasite, and ultimatel) lose their green colour, this we might 
designate “ inycetogenous chlorosis ’ Examples are the galls 
of cowberrj and species of rhododendron, the results ot mau) 
Uredmeae, such as Chnjsomyxa rJiododcndi t on spruce, Acadiuvi 
nr Ucac on nettle.. G)^mtio<(pQTa.WivjM. cla\<!i.ua?/ovTa«. mi VficxAWiv., 
and the leaf-galls due to Exoasceae 

In the second case, there is a presen ation of the chlorophjll 
m places infested bj the fungus, m contrast to adjoining normal 


'MAiclit ‘ lkurlge z.benntnissd Xerbreitungu Tlecleutungd Mjcorhizen ’ 
Iniug Di-oi IbSO, p 1-1 a j 


®prooin (“ T’Aiwiirt Pinero' ivnd its MycorhizA, 
1S95 ]i 3.39) desenltc^ ainl fijinre* » similar cisc 
enter* U\e cell ns o. slender -v 

t)ie miclcu* o( the hon cell ’ 

Marsh'tll Uunl “tint m f/rmif 
thom*LUes to the miclet of tin 


Annah of Botany, June, 
Ho sftjs, “The fungus 



rni*Toi Ml AviTH II M I ON c I n <'«>sTi vTv 

\\liich lK«c«tine inic’ nml die llns is Mciiiphfitd iii 
nt^rlrjnn fmm oil tlic IciAOs of yinr^f fhfw 

n cjy ronijn m rlninn'ff rtnr <in tlio qtlllicc* Uitnvtln nrrrn f li 
llic Xon\iA Iinji1( JJ t/timo jn nrtafinn nu Arrr fpirtifinn 

Itil(nnelnlc lutwocti iIh'i. tw<i ixtrcmts nre ca^LS ulitn 
tlie cliloropli}!! is n taiiiod, Imt in iiiitch ndticjs! qnnntil} I <ir 
cNTinplc cT^aiiH under iht nilluiiicc of A'etvfo'M alvi tticttunr nr 
.trnihrrin e/r/ini»»i, llmn^h Mil! jiritii nn pile in contm«t to 
tho«c noninH} thep ^.rxtn, li i\«s nUackt^l I \ I'LrotmsjKirnc ff/ 
Ctri/ifnhs or uitli Vln*mijvtxi /»v/;;ofor, nnd Annuoiir 

with Arn»1x7nn jnmrtntvin or l*i fctnnt ft <nt haACs of CirMf'H* 
containing niAcilinm of Ptmnxt tvittrolfn^ , Icims of nldcr 
with Aoirt'ri/j fpxphyllvn and tnan\ oili<p» IhispaUr colonn 
tion of diseased jil uiIh h fraquciitK mi < asj im aiis of rccogtnzin^' 
tlitm ainoiv'sl the lualilix ones 

Tho thml can is that of * injccto^tnons cldonnthv ” or the 
dcAclojiincnt of ^'reen colour in orjtans uftriinll} of «oiiic oilioi 
colour 'Wftkkvr has provi«l this in the* petals and stamens of 
J'rntsini nxgrn nnd Si^ipnlrmm nttnckcil 1)} Cy topns 

iiid Pcronotpoin likewise Mn^'iius showed its e\islencc in 
flowers of Anemone lanunofhule-* with Aeevhim jmurtalnm 

The cell sap in some ca«cs of h}}»crlroph) assumes on the 
sunii} side a ro^sc colour, thus in gills caused EioUmhwn 
on alpine rose aii<I cowberry pc ir leases with lloe'itehfx cnncelMo 
and Poliptifjmn ivlum catkins of aider attacked b^ Pjoosrvs 
and galls caused hj laphnna carnm on the sweet hiich The 
epidermal galls due to some sjiccies of Syndiytrixim {S -tvlxo 
cincti m S (tuemoiics etc ) exhibit an intense carmine coloui 
\ellow colontion occurs according to '\\nkker in nettle buck 
tluita ajvl TO.av.^ Ure.dieui'je Tlvixc 

maj also be a jellow colour due to the jellow oil^ contents 
of the mjcelium shining through the host tissues, as in spruce 
needles with Ckmjsomxjm. nbieln 

In considering the effect of parasitic fungi on the starcli 
contents of tlie host plant two xcry distinct cases maj be 
observed Tliere nia) be for a time a greater accumulation 
of starch in the attacked parts than in the normal or the 
parasite maj dissolve aiij starch present nnd utilize it at once 
( 
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Accxmmhtion of fetTich is de'scnbed by 1' HTrtig* in spruce 
needles attnckeil b} Inphodcnnmm macro pormn In the pre 
«ence of the fungus nijcelmin tu lucreised production and 
Stonge of starch takes plice it i time xvlien it is being only 
slowlj formed m normal needles If the needles become diseased 
during Maj \ season >\ben thej arc alreadj full of starch 
tins remains intact in the dead cells till October, Mlien it begin*' 
to be u=ed up 


^^akler ob'seraed accmnnlition of starch in comfiej \Mth 
At Khtrn asjen/du m buckthorn A\ith ^rci ham iJirtnim in 
hawthorn with Po teba Uic lata m Sisj/mhmim ofnetnah and 
other plants with tyd pits m roots of Bras^xca inhabited bi 
Plamioilxopho-ia tins xcac and in h} pertrophied scales of ilder 
call ins with Exxaami Manj othei examples are given through 
< nt the literature of plant patholog) 

Varticularlj noteworth) is a case of starch preservation in 
nak wood destrojed b) Pxljporus tbyadem and P xymanus 
simultaneous!}* In the wood infested bj 
either of the fungi alone the starch is dis 
solved but at the boundar} where the two 
meet it remains m the niedullarj ra}S, 
tlie«e m consequence appear snowv white 
and consist almost exclusivel} of unchanged 
starch grams while the ligmfiod cell walla 
Iiave been couveited into cellulo*'e or com 
' *1^ pletel} absorbed (Iig 10) Loew ® remarks in 

A ^ regard to this One must assume hert. i 
^ ^ p "^1 I If ' '^Tiatiou in the 1 mds of diastase and a 
|| j ^ neutralizing effect of the one on the other 

somewhat the same manner as pepsin acts 
on t) rosin One is also reminded of two 

F o la-Mrduibry «y» antipodcs whicli easiU unite into an 

opucally neutral bod} {cj sugar isomers) 
dissolution of starch b} fungi has 
(tTWphot) been exainmed m detail by Haitig The 

1 , ‘1‘^stroying fungi dissolve the reserve 

Aflsiimrilfi 'fi r* wood parenclnnia m various wajs 

o m view of Jvaegeb tbit starch gmns consist of a 
O' Ara UMeici llci/rfli men 1874 
p Hart.g J,,r.r;£. j^, ,870 



Min-roi MM‘*ni« n m i < nt <hnti vtm 


T» 


< llwlot-o ;\ ^nu\vl ''«» \v\\\ l!i inxt'i Iliu5 

(I 1 ^ 11) llif* imrolimn tif •|'^ios like I'Jvjunn ifiunnii 
^ivis fll me ftnii lit which <h«‘ohcs tin irrli j.nin** hi cor 
rKlm^thMii fr>ni the oiii«ih mw'inl*' fo a* to firm hnlo<« and 
<nnU Mtnihr to tho^i. m ^ 

vUrch ^ainx in of ,/ ) j/ 

di<«oUiti >n in the cclW of *\ ^ ^ w 

Pimntin^' Ixmiu In oIIrt^ 

ff T}rlq) n( } n/ir tll< “ 


r t cnl * IfT* n tl c «ik I (•n 
1 n I r (eftne l« <• f 74 iarr 


vUrch in jn^ce-s of A j ,( ) f / 

di-i^ohiti »n in the cclW of *\ ^ ^ w 

Pimntin^' Ixmiu In oIIrt^ 
ff Tirlq) ni ; nhr tih “ 

/rintilo'*c IS tir-i »h«’«ol\cI " 

from without inu irtl« 

tiinlh onl\ the starch tcllnlo e 

tcmims <cc\iiiMiv XI rvm«n r, ‘ „ st.r t cr.i . Ut. n u c «k i 
t<i\\anls the outer parts of ( /’‘"‘J 

iht ^’nin m n kiml of lin^l !r.?:.”V/.r. 4 i'r(‘»rli'l'i!.'r.'i.'r ' 
winch IS in tune ^'nduilli 

u«e<l up In /’ h/;wr» < tufjlimt* iIr ojKrntmn is rticrscil, 
tin. starch cellulos,, apj>cars to 1 r diss Ked out first lulling 
Ji residue of tcrauulose 11 r«c ob'^cnalions were hiscd ou 
the assumption tint the fitircli ^nin consist! d of a „nnu 
lo'iC portion which turned blue with iodine ami n starch 
cellulose i>ortion wluch Ucaiiie )cllow , or a^ain on lrealiii„ 
the htareh-onms with <hlute acids the ^nnulo«e was dissoliid 
while tlie cellulose reuiainc<l ni the form of a skeleton 
Although more recent micsti^tions hue shown that tlie 
ttllulose nkeletoii results from the action of the aeids and tint 


this \iew of the constitution of llic starch j,Taiii was not quite 
correct }et Hartigs obseriations pro\e that tlie lanous fiiiiQiis 
ferments ha\e each their own action on starch griins Ins 
icsults arc also supported bj other ficts 

Other fungi besides I’oljjiorcae utilize the starch of their 
host plants thus Phytojikthora m leases of the | otato 

llie formation of calcium oaxlate is influenced h} action of 
1 arisites I rom akkei s hj noj sis of the phenomena of h} pe i 
trnphj we finl that calcium oxalate normall} present in cr}stal 
sacs m leaies and flowers of Ihamum F}anj\ln is wantin^ in 
parts deformed b} Arculmm rhttmni crjstal sacs ire less 
abundant in diseased stems thin in lualth) the calcium oxalate 
m galls of } Loln%uhi m is not pre^nt in crjstal sacs as in the 
non deformed organs but us ill defined solitarj crjstals of limited 
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number on the other hand, mstal-sacs, nornnll} absent, are, 
under the influence of Stvascus aim tncanac, formed in h)per- 
trophied catkin scales of alder 

It m•\^ be here ob^tr^ecl thit calcium oxalatt cij&tals ire foniid m the 
imcelmm of mam fun,,'! De found them \er\ common, |xirticuhrl\ 

It! the m\cebam of •speue*^ of liotrytit, *iiid he lemaiks thereon “it mai 
well bi avbuiiied tint the oxihc icul K formed from the 8U"ai inside tlie 
U\ing <x\geu absorbing fungus cell, but is iniinednteh ejecteil therefrom 
bi tbe cirbon dioxide produced ni re'inritioii , in otbei wonb, an oxidi 
tiou fermentation takes place in the plasma of tiie mvcehiim The oxalic 
icul Is piobabl) sejiarated in Lombiuatioii uith potassium and comerted 
int « tilcium oxalite when laKinm is present in the ivabnlum of the 
m\iehum ’ 


7 EFFECT OF PARASITIC FI NGI ON THE CELT -WALL. 

Ihc eftect of the mtcelitl h)phae of parasitic fungi on the 
cell vail maj be either nitchamcal oi chemical The intra 
cellular lijplia* of fuu^i and the apices of the hanstona of 
mtercellular fungi niuat penetrate through the cell-walls of then 
host tithcr of the epideiinis or the niembmnes of other cells, 
consisting of cellulose alone, or m some state of lignification * 
Ihe membranes may be simph pricked, as bt a fine needle, 
ao that the opening because of the elasticitj of the cellulose, 
cloves up again after the perforating h>pha has died This 
IS the case vith manj bretlineae In such causes the In pin i= 
cointnctec in passing through the cell-vall and svells out again 
in tie ree cell caMta Irequentla as m the case of Pavuo 
^pont den^, the liaustoniim will only cause a depression in the 
membrane of the cell vithout penetrating it 

In aclditi^ to purel) mechanical perforation of the niem- 
hjphae ma\ also be a chemical one, so 
lat the vail is dissolved and the holes produced remain long 
af er the liyphae which made them haae disappeared This 
fn alwajs present in ca^es vhere per 

fon>t,o.> of hgn.fiert .nembraoe, takes ,,hce It ,s a coaslant 

‘l)c lk.r) liotan Zttlun ,, ISSC 

' !!' M ”\ u “r Fn.b=h Faitiou 

Mijoshi "D.c 1«SS 

Jahriueh, \ol 2S, ' Memhmnen tlurch Pilze '/’nuff-AnHi’a 
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n( f’omjniniiK lit of t!io ntticV** of Wiwvl.ilc^truunu tui tin* 

wiwxl} ]nrt« of tn''« nti 1 nrlinl |>orf<intioii 

of tlio licnilli I «f tluir ihc hvplnn of Rniij 

of tiie I’nhpomo jui'l A^mrmi rxert n «nl\cnl (fficl on ilio 
«nlle, nlijrli r\tcn(!< n\«r n con^nloriMo nm, ntnl !•« t\jiIentJ} 
•luc lo ilic «\cntion of fcnnoni TIio <lti'nltjiinn of tin' 

wills lilvis jilicc, inorco\» r, in n w n «» clnnrt* nshc for cicli 
s|Kcic« of fungus lint tli«\ cm In* «lctcnnincc! li> il nloiu' I mni 
this It inu-t 1)0 «lc(lijc<><l tint tuli wo<>*l»<lcstn)}in‘» finu'tis 
ovcrctes \ Aninnl iKrulur lo itM*lf which ciini's n dnnctcr- 
nlic (lissolntion of ilii' host Our ]»ri*!C’nl sources of irifotnn* 
lion on tliL'O iKimls nn. tli* \er\ \nhnhlo iniesii^nlions of 
l’rofcs<nr IJ<ilK.rl Hirti^ of Munich* ‘'onie of his rcsnlls will 
rupi\ our cnrtful consnlention hut uo tiiust prtficc hncll} 
soino fids re^nnliid tin? pniciss of li^iuficilion and the forini- 
tion of hesrl-wood m uur forest*trecs 

The tlcnicnts of the wocxl of dtcotsleilonons trns and wood^ 
phnts 'ire dcn\cd from tin cmihnuu , llitir wills tonsist at 
hr«t of pure cclIulO'O, and sshen li^nificiiion lakes plui. the 
so cillcd tncntstin^' suhstmiCH an laid down in tlic tliiiktncd 
cellulose will pirticuhrl) conifenn, \inillm wood ppiui tinmn, 
etc or as the} mij he colltcli\c1> called li^imi Ihe cellulose 
membrane itself is coloured lilic with chlor-rinc iodine , when 
lignified It no longer shows tins rciclion, but has others peculnr 
to itself, the best Known being red coloration on troitmcnt 
with phloroglucm and hjdrochlonc acid, or }cHow coloration 
with aniline sulphite, chlor-ziiic-iodine colours lignihecl tissues 
hrownish-jellow Cuppor-niiiinoiiiuin hjdrate dissolves cellulose 
but not wood* If the nicrusting substuices be removed fioni 
the lignified membranes bj treitiuent with Schulze’s solution, 
cmiue %oda, or Oliver soliewl, Vive eellvvloso revwvvrvs mvA \eicls 
as such In the process of conversion of alhnrnum into dura- 

'The most important of thc«e works wre 

^ *’ f/of «r « <t Etche W ith 2l 

/ ■ . . 18S5 

I 

^ ■ jon, 18S2 and 1889 Fnglish 

Lehrbiirk d Analomte u PhyuiAoijK tl I\finn tn, 189I 
*tor further reactions see 
/immennann Du lolnui^ke ^T/tfrotecAFUil 18D2 
Strasburger Z>a« tofaniWie PratilitiiM, 18S7 Fnglish Edition, 1889 
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mtn othei subst'xnces unke their 'ippe'irTiice m the Iij'nifiecl 
lYills chiell} tinctornl phlobiphene'? 

The i\ lUs of tlie ood elements are houeier not lij,nifiecl 
to the '5sme extent Tlie pnniTrj Isicr ol the will i*: is a 

rule lignified most and contains but little cellulose In con 
sequence on treatment with ligmn soU ents it become'- first 
ihssoUeii while the seconclat} and tertnn membranes allhoimh 
tlieir hf’nin is also partially dissoUed out remain behind as i 
distinct framework ot cellulose \\ith longer treatment clestruc 
tion of the tissue proceeds till onh the pure cellulose membranes 
ff the isolated cells remain The feiments of mini fun^i act 
m this waj for example Tinmdcs jnm as shown m Fig 12 
It < the wall IS in us normal condition showing a pnman 



mU incl two stmted aecondirj nierabraiies H / the fiiDqns 
erment as cmsed a splitting of the primer} wall which 
former!} appeared as a single la)cr and the elements are 
separating from each other the filling material of the inter 
spaces funder c) and the rin^ of lime surrounding the 
cant} of the pit rf remain for a longer time the right nail 
str. tl“l “"''f (•'* indicated hi the 

and frtL the seconder} 

asl cm, «»■' off towards / in which nnl 

^hc ash constituents remain as fine granules better seen in 

whmhZoUe 

C cemiiosc -When wood 15 trestecl with siilphunc 



rnifT oi rAiA'*mc iinm on tmt citi,-\\Aii. 




nml lli(* rolliilo'-c i« out, ninl tlic j>niinn 'v^!l rciimins 

almost intact, a'lnlc tlu* «ccotulan after ^wcllinp i« couMrtnl 
into *.ngaT aJi'l pun f>rtNin fmipi (r// I'i^t/ixnn r^i>'>mnv*, 
1\ W/jrrinj/jM and V fvlphvrr}*), net in the *inie iinnntr, 
fir-t du'olMii" out ami coii<uimn^ the ccl!nln'‘c U fore ntlackiiu' 
tlie urKxhgntn When i« «Io‘‘tm\cHl hj fiini;t of thi‘» 



Fjq U Fin M 


Fjo is.— T nchcU of Tioh* »W f»fn»dc»tm}e<i liy Treui/fn 1 i«i TLi. prlnnrj- 
cell W..11 i* comrletclf diuw We-I from ■•etow u| wirdi to n a 0 (ccoiiitarr and 
tertUrj Ujer* of the will* eon l«tlng In Ibo under twnlon of cellutone onl% in 
wl fch cmnntee of ch'vik ere recoKnlze) lo < f ing>n< h} ph'ie )x>rliif( thru igh the 
wall^ Uatlngholee d and r (After It liartlg) 



kind, the prmnrj wall containing but little cellulose, is liardl} 
aftected, and the secomlarj menibrmes shrink together, so tint 
numerous fissures are produced niuiung m a spiial direction 
corresponding witli tint of the stratification (Figs 13 and 14) 
The tertiarj membrane \anes in its nature, it inaj consist of 
pure cellulose or be more or less lignified, or e\en cuticularized 
In the wood-fibres of some plants {Cyh-ms llnmtilus^ this 
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lajer beconies uorniallj loo'^ened from the other membTanes and 
appears a separate tube in the cTMt} of the ftbre 

Variations of this } lud ni the structure of the a\ooil must of 
courst- luftuenoe the action of the attaikiug fungus The deca} 
ina> be a loavl one as with Trcimctcs pnu T lachcqictdci 
Thchphora padix which cause destruction of isolated spots 
only anil prorluce holes heie and there throughout the wood 
Oil Che otlier hand the wood nil) be umformh conrexted into 
a ili«!Coloured decajed mas's The walls ma} be simplj pierced 
hj htlle holes coi responding to the peiforatiog hypln or large 
portions of Uitin maj be more or leas completed di&sohed 
uiaj and either the cellulose oi ligniu remain behind as a 
skeleton Hartig gives in interesting case which accompanies 
dry rot (lAiihio hetymo-i) the mycclunii adherent to the 
ctH nails ihssohes out the hnie granules included in the mem 
braues b) the cacietioo of some fluid containing carbonic (or 
other weak) acid in much the -sime nay as loots corrode 
limestone 

The dissolution of starch m wood has already been considered 
In conclusion should be mentioned Hartigs obseiiation 
that normal spruce wood ou treatment avith ferric chloride 
the reagent for fauniu gives no coloration such as is given 
by the same wood when destrojed bj drj lot 

§ 8 EFFECrrS OP PlEASlTlC FU^C,l ON THE ANATOMICAL 
SmUCTUKE OP THEIR HOSTS 

i-ffects of this 1 nul can only be looked for where moi 
phological change^ baie resulted Irom the presence of parasitic 
fungi particularly in the case of hjpertrophied or^an® M akker^ 
wss the first to collect recorded eaidence of anatomical changes 
due to hjpcitroph) lie aided to these by lus own imcbti 
,ntions and classified the results Me shall therefore m this 
dmsion depend efnefiy on his publications 

Enlargement of host cells is one of the most fre^juent pheno 
tnciia accompanying attacks of parasitic fungi It may take 
I lace with both intracellular and extracellular parasites 

A single cell hj pcrtrophied in tins way is the simplest 
I05,f6/e form of a fungus gall (.see p ’o) Examples of 
'WnUker tnnj hetiuit Jnhri ch 1S9J 
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Mtiij Ir f>f tliji J»i!i 1 nfc c IN ff I'tl A/'^unt julnl 
It} I’/r fmrUtii ftJj'/is, c^lN of tiinnp jnfr‘t*il It} 

j) 7VT or rf with A’/ rJufmm 

(.fll-<’nhrc' tn( lit ri'»u1tiiu fn in !!i*' iiiniirncf < f exlncclltihr 
j'in‘^it<« It iiinti ilittit»rtl\ ‘'On m tfifoo nl^nl rdl* wlncli 
f trill liclictit \\ii)i lilt liNiInt* of crrliin fnn^i Tliut nrcnnling 
to 'ttilil tlio nil'll C'll* life Iirhni A’n/^ »vtr;M!i ;t»Mi//i/jn 
ItfX'ftnio cnhr^'itj ‘.ij.*fiM 

t\U tnciu 'icroinpiiii't ill In j»ortnipli} <tf pHul < r^uit, 

Mlictlitr tlip |nri'it< li\«t |«inl\ int<rrdh>hr, nr Ins Iniistom 
At tin Mint tiTin one ^'<n«nll} fiinls n ihsijtjs innci of tlic 
mtcrcclluhr Fpircs prcM ni in tlic imnnil ii-ssucs, in some 
‘•jKcnl lntwp'«r, tlir^'* iin\ l<conii iiinn mniK mns nti<l 

hr^cr (Ml ctihr^tunont nccomiunictl 1'} ilmpitcinncc of 
tinnnil int* rcollnl ir sfneos ninl chloroplnll, ore diown !•) 
Woixinins illustntions to Ik? \tr} iinrlvC*! in llu }.iilN on cow* 
lierrj, «lno to nimmi CclI'OnhrKCincnt is oNo 

fri-fpient in c^sts of li\ jiortn»|>li} <luc |o K\oisccic thus in 
Tniihrxiui tuirtn, flUhou^li the in>cplniiii is on)} Mihcutictiliir 
or peiictntos but «luhtl> into the cpuleniml ln}ir, }ct the 
ctlls nre much cnHryod niMl their wills ore striknij;!} ihickentd 
(ti^' CJ) ‘'iimh ‘ found tint when Icavos hccnnie thickened 
in conseciuence of nlticKs of certiin species of Tuphnxm, their 
cells became hirj'cr and ronmler so tint the hr^je intercelluhr 
sjiices of the spoiif:} pirench}nn disippcired nnil the clnr- 
acteristic appeimice of tint tissue wis lost 

The epidermis, is Ins ilreidj been indicited, is nillucnced 
b} fungi winch Ine between the cuticle and cell wall as well 
as b) epiphjtic fungi, whose Imustoria penetnte it Tlie 
epulermis is, liowtver, more frequcntl} destro}ecl b} endophjtes, 
which rupture it in forming their reproductiie organs Some 
of these pioduce their si>orocirps inside the epidcrmil cells, 
and as the} enlarge cause detaclimcnt of tlie outer walls of 
the cells from the remimder, to form for a tune a co\enng 
which IS ultimatel} ruptured as the sporocarps attain niaturit} 
Where the fungi live under the cuticle (e// the Fxoasceae), 
tins alone is ruptured when the asci arc formed The repro- 

• U illiam fi SmiUi ‘ Untermchung d AIoq;)hologie n Ajiitomlc tl durcli 
Fxoasceen xerursathten Defortnationen Inaug Dissertation Munich 1894, 
also, Forethch naturwl1^ Feiltehrift 1894 
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lajer becomes iiormall) loo^eBed from the other membranes and 
appears a« a separate tube in the cavity of the fibre 

^ ariations of this kind lu the structure of the i\ood must of 
cjur e lufluence the action of the attacking fungus The decaj 
iinj be a local one as with Tramet inni T mdxcipfnla 
Thi'lepJoa p rdu which cau'se destruction of isolated spots 
only and produce holes here and there throughout the wood 
♦In the other hand the wood may lie umformli conaerted into 
i discoloured decayed masc The walls raaa be simply pierced 
by little holes correspondm" to the perforating hypha or large 
portions of them may be more or le«a coinpletelv dissoUed 
iwai and either the cellulose or hgnm remain behind is a 
skeleton Hartig give^ an interesting case which accompanie'> 
Iry rot (l/ci/tt Inc yuan) the mycelium adherent to the 
cell walls dissolves out tlie lime granules included in the mem 
hranes by the excretion of «ome fluid containing carbonic (or 
ther weak) acid in much the same way as roots corrode 
limestone 

The dissolution of starch in wood has already been considered 
In conclusion should be mentioned llartigs observation 
that normal pruce wood on treatment with feme chlonde 
the reagent for tannin gives no coloration such as is given 
by the same wood when destroved by dry lot 


i « EFFECTa OF PAPASITIC FLNOI ON THE ANATOiUCAL 
STRUCTURE OF THEIR HOSTS 

Llfects of this kind can only be looked for where mor 
P 0 ogica changes have resulted from the presence of parasitic 
fun^i particularly m the case of hy-pertroplued organs -Wakker^ 
was the first to collect recorded evidence of anatomical changes 
due to hypeitrophj he added to these by his own investi 
-ations and classified the resulte We shaU tlierefore in this 
division depend chiefly on his publications 


Lnlargement of host-cells is one of the most frequent pheno 
mcna accoinpanjnng attacks of parasitic fungi It may take 
I ace with both intracellular and extracellular parasites 

1 r«<nl r m this way is the simplest 

lossiblc form of a fungus gall (see p 25) Examples of 

•VVftkLer Jalrh cA IgO"' 
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MJiij Ic of this hull nrc c«lls nf Klnntt mini ihnl 

I'hdrir} fji K fvlfjrn*, c«ll« of tlirtll]* Ulf(s|'<l hv /7 f«i ic^/io 

m, or of (htvlolion \Mtli •‘'V»''Av/nin i 

Ctll-cnhrpi mciil rosiiltjtv mlhicnco of cxtncolliihr 

jnnsii.s is most «lniinctl' ^'cu m llm*-*’ Jil^il ctll« \\liicli 
form lichens with tin hsphse of oriun fiin^i Thin nrconlmp 
lo *'t'ihl, the al^il Cfll** of the lichen /wr/Av'^rryxin j ) itllvin 
hocomo cnHr^’Cil six*f<iM 

('ell-cnliT^ tnent ncmmjnnu*' ill h\|Hrtn'l'h\ of jilint or^iin 
whether the ]unsit< Inis l«in.l\ mlcrci lliilnr, m Jn« Intntoin 
At till Mine turn one ^‘immlh fiinls n clnipjx »nnc« of the 
intcrcelhiHr pjnccs prc'-dit in the iiorijuil tnsnes , in s<nnc 
«pi.cnl c't«cs liiu\c\<r, the*'* iinj Ifccoim more minuroiis niul 
Hr-jicr CMl'Ciihrginicnt, nccompmicil li\ ilmpi^iruitc of 
nornnl intcrcclluhr sp-ices niul chloroplijll ire shown hj 
Woromn’s ilUislntions t«» Ik* \tr} iinrhcil in tlu jtills on cow- 
berr), due lo lommi ( ell i nlnrgcinciit is ol^o 

frequent in c^«(.s of hj i»crtroph\ due to Jaoisccic thus in 
TophntKt ntircd nlthoujih the nnceluim is oiil) suhculiciilar 
or penetntes but sli^hils into the epidtrinal la^tr \ct the 
cells are much onhrjtoil and their walls nrc etnhin^lj thickciud 
(Fip' 0 3) Smith* found that when lca\rs heenme thickened 
in consc([uence of attacks of certain species of 7\tplmii(f, tlieir 
cells became lu’ger and rounder «o that the large inteicellulai 
spaces of the spong) paicnchjina ihsappeaicd and the char 
acteristic lappeinnce of that tissue was lost 

The epidermis, as lias already been indicated is intliicnced 
bj fungi which live between the cuticle and coll wall as well 
as b} epiphjtic fungi, whose haustona penetrate it The 
epidermis is, however, more frcquentl} destiojed b} endoph}tcs 
which rupture it in forming their reproductive organs Some 
of these pioduce their sjiorocarps inside the epidermal cells 
and as they enlarge cause detachment of the outer walls of 
the cells from the remainder, to form for a tune a covering 
which is ultimately ruptured as the sporocarps attain maturity 
Where the fungi live under the cuticle {cy the Exoasceae) 
this alone is ruptured when the asci are formed The repro 

’ illiam G Smith Untersnehnng <1 Morphologie ii An-itomle cl cliirch 
Fxoasceen verursachtcii Defoimationen Inaug iJissertation Jlunicli 1894, 
also Forslhch naluricm ZtU^chrtfl 1894 
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ducti\e nncclmm of the following forms also grows on!} under 
the cv\ticle I hyiisma the spermogounl mjcelium 

of Piccinicc anaiunc^ Fhuijmtdiim ind other Uretlineae 

In nnn} ci'^es of hjpertrophj the epidermal cells become 
enlarged m ii radul direction uul this as in Taphma avica 
nn) be accompiuied b} considerable tbiclvLning of the walls 
In other cases hi e that produced b> Sinchytixvm the epidermal 
cells maj become gelatinous 

ilie cork boco lies abnormally increased in many evamples of 
inpeitrophj Thus m witches broom of alder due to Exoa^x % 
(ixpl ill I i a phelloderm is formed while on normal twigs phellem 
tlom. IS prodiucd Corl is found m jumper needles with 
(r fm io<tpijiungn apnitpexinxm though never in the normal needle« 
On the other liand cork fonnation is suppressed in twigs ot 
hawthorn detormed bi LoesUha hunttia The «o called wound 
cjrl IS constantly associated with attacks of parasitic fungi, it 
sepal ites diseased portions of iind and bast from «ound lorms 
slieitUs round bundles of cclerenchyma aud permeates the 
medullary rays 

CoUcuchy un w is touud by ^\ akkei to be ab'^ent in all cases 
of hypertrophy of parts of plmts wheie it is normalh present, 
for example m stems and petioles of cowbein attacked b\ 
hiohfiulium stems of bucl thorn with ^IpcirfiMu xlunnnt of 
C (lift gu6 With Locstfhn lacoala of nettle with Accidii m i ificae 
and of S>xnjiit^o)lta with Xenodochxf^ caibonaixis On stalks ol 
Umlclhlerat with pustules of Piotomyccs I found where the 
collenchyina region was imohed that that tissue was not 
(le\eloped (Iig 46) 

In dl cases of hypertrophy parenchyma plays an important 
I art "Most abnormal outgrowths result from inultiplicatioti and 
enlargement of the cells of the parenchyma the formation ot 
iiachamcal tissues being more or less suppressed Ihus the 
pi^antiG examples of hypertrophy exhibited by turnips infested 
by J lavmvh pJu ra consist almost exclusnely of parondiyma 
riiickLiimg of stems or branches is generally due to increase 
of the rmd parenchyma os m buckthorn under intluence of 
Affih M iJfimxti Inwiliorn with Gyi inoyxoi angit m chtiafine 
/«nir m most witches 1 rooms and m many other cases In 
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(lie wjtflH**’ liriM'in* •hio to Amttwin tlnUvint, t1i«* I'lth nj'jti!' 
« nl a* tlir n Mill of jncm»o of llio I'lniKhuin 

In li-wt**. jnhvaili* \f\nnrli\nn nn fri-<jnriill' no loji^ti 

l>o from *]»jv).ninl onl\ irrc^ulir ^*ol}ponil cell* 

arc fonn<i\ A** (aamj'lc' iin) In* p\in ncctllc' of lir uuh 
AfcuUvin o?<ir/jniMn, uml lca\»s with ^nll' thn- to r.\oi«cni 
Kjnalh, tlicrt* nnj I**- » iiutkotl iiicm*c of \\(k>.| jnni ilijnn, 
l*oth tit imthninTx njf^ ami iIh* vooil ]irojH.r. lln< !•» ♦■‘I'ccnll} 
wtll nnrkt“tl m ./iMiijx-nM nlfctlctl l>\ ^»vfjiHpyv(n»ji 7 ii/j;t 

wlicrx' in con'otpicncc <»f an eiiominu^ jncrcT-c of 
llic ]iarcnch\nn of nml nml iiic«lulhr\ n\< the inuhtidil 
ri'^oni; I'ccmnc scinratotl l«y !»n»nl m}«, nml at (In 

sanic time tlic> are ^x?npljfiall\ iiiter*>cctc«l In Innds of pann* 
cliuintou’* ti««nc rc*-uUu»« fn*m mcrta'iil tlcnelopmcnl of tin 
ntKHUjvjnjnch) un (Kip 220, itc) 

The ^clc^enchJnn i-* genemU) Mippun^cd uhtre hjperiroplij 
t>ccnr« Kxivmplc** mciUitnud h\ Wnkher nre sums of cn>\ln.rrN 
uilli Kn^'fi^uhvvi, of hawilioni "ilh 0’»/)»Hosy«>r»«'/i»wi, of 
.S’fH'/iM'Or/atf null .XriuHlochv* nml nhlcr catkm*«cnlcs mth 
On the other luml, fcUrcnchuim is ihuclopcil in 
stems of Cirixvm ns n result ot /Wruiur winechu'*, whoreis 
noimnll) it is absent 

The secondary sessels of the \aootl fjcqncntlj remnin irregulai, 
and sMth impcrfectl) nbeorhed partilion-unlls. According to 
AVnkker, this is the case in J’WmuiajH with KjoUtsuhvin, 
CrutiH^m with llo>stdia, nml lihamnu^t with Arcidiwi 

Suppression of interfascicular candmnn was obseraed bj 
Wnkker in buckthorn nnd nettle with their rcspcctuc Aecidunn 
parasites I’rolonged nctiMt} of the same tissue he found in 
with Ci/sto]>iii 

Arrest of ligmfitation was found bj Wakker in medullar} ri}s 
of Ciaiacfjm with llocstchn, nnd in deformed scales of aldei 
catkins alfected bj Ejou^ois 

^Ve haae alread} considerwl increased growth in length and 
thickness in connection with lij pcrtropli) It need onl} be 
added that increased thickness of wood} plants ma} bo due to 
increase of the nnd the bast, the pith, oi medullar} ra}s, nnd not 

* P WVrnle “ Anatomisi.lie Untenucliung «1 <Uirch Oiinnosiiorangium Artcn 
henorgwifenen .Nrissl.iUungen Inaug Dm , Munchen, 1894 also, for-thek 
wnffin/'i'K ZntMfhnft, 1894 
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to tncteA'^e m the actiiil \foo<i element's This is the ca'se lu 
t«U 5 of «iher fir witches’ broom's, m jmuig swellings of junipei 
ittacked b\ G^mno poKtugunii, and in the thickened twigs of 
Afhi'zin resulting from Uiomycc', Tcppcrianu^ (Fig 181) There 
ma\ be, howeter, a distinctly uicrea-ed growth of the wood 
Thus, with attacks of fjytnno'.potanyitnii frequenting juniper, 
cipecnlU G srihinne, there is often a marked thickening of 
hrinchcs due to increase m the ivlem-eleuients Again, one 
tind-» cankers due to Aecxtlumn dntuvm, accompanied bj stem- 
'•welhngs with a diameter twice or three times that of the 
normd and in which the b.irk and ba-^t form but a thin lijei 
in proportion to the part made up by the wood F\ceptionall) 
-tnkina ire the gigantic wood\ knots formed on the Japane'-e 
Ptnus ihn'ixj^Oia, and P 
Thvnhrgw ailected b\ Ptrt- 
(hnnii'm gignntivm (Fig 

lo) 

IVakker found that iiiu- 
cilage canals of Phnmmts 
Fiangvla affected bj Acct* 
dtum were not so well 
dea eloped as in normal 
twig' 

Kesiu canals are often 
irregularl) formed and ab- 
imiltiphed in con- 
sequence of p,ira^ites The 
resin-canals of the spruce 
were found bj Hartig to be so numerous in plants attacked bj 
.Iginci'-^ mdlti'y tint an abnormal quantity of resin u produced 
in the wood, and flows from the di'^ea^ed roots, hence has 
iri'en the name " resm-glut ” or “ resm flii\ ” b\ which the 
‘hstase has long been known A particularla noticeable flu\ of 
re'in take-i place from pme-bark m prc'sence of i^indcrjuium 
the mjceliurn grows m the medullary rajs and resin- 
canals, causing an excretion of re‘«m from all h\ing parencbjnia 
in the wood, «o that both bast and wood become completely 
impregnated with resin, and thin sections of wood tran<5mit a 
ro'o-cnlourcd light 
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§ *» HfKTO} Tllf "lllSTn VTI M ON TIO DtXHUl’MJNT 

0\ Tin 

V MMIFI of pri'-jltc fun^i lue ojih on oijc ^incic** of 
hot 1 -or cxniuj'h S>-l'-ntinut ltyfmn>tit on l'o<r\)iiuvi 
Chrif^tn>/jn on J’trot Titpfirujmiuin on 

S{>irT>fft vlinnrto nrin*/tpninii 0J> jx’ctiiintd, 

Ilhytuttnd nv(troiinfl>ir on ^ttufrtmiofo Do Ihn * i>roi>o«eil 

for ca«es like this the term inonoxcin, while to m which n 
paru'ite frequents 'cseml (tiffercnt species of host he gi\e the 
name poljxcn), or more {nrliculnrl), di\en), tn\en}, etc As 
e'lamples of jx)l>xen) nn) he mentioned 
found on all hi>ccics of willow, and Mi/ftma nccnninii on the 
genus Acer Other innsilcn nttnek not onlj diflerent si)ecies 
of some genus, hut al«o difkrcnt gtiiem, tlius I’uccinta 
occurs on various cereals and gmssc« rhyfophthora cnnninHi 
on manj different plants, J*hyVnctinin svjfulta on lea^e ‘5 of 
Corylts, lofft'i, and man) other trees, Ciaiice2)s 2>v>'2»(rea on a 
large number of cereals and grasses Cy%topvs candidus on mam 
Cruciferae and J^cclnn nnnahnrina on all kinds of broad leaaed 
trees 

Monoxeii) and poljxeii) must be careful!) distinguished from 
the autoecism and heteroecism of the Uredmeae Man) sjiecic^ 
of this group go through their whole life history, and product 
all their forms of spore on the same host, others, howeiei pro 
duce some forms of spore — spennatia and aecicliospores — on one 
host and the remainder — uredospores and teleutospores — on 

^ Dotanticht Zntmj 1807 p 2C4 
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anotlier host. Such heteroecious parasites may be, ho\se^e^, also 
inono\eiious , for example, Melamp^ra Gocppcrixam Ins its 
teleutosporc-form onlj on the cowberry, its aecidiuui-fonn 
only on the silver fir On the other hand, Chiyiomyxa 
liiod-odciuh X frequents se-vexal species of lihodoilcndTon, while 
tlie aecidia occur onlj on Fieea eicelvi, Cionnxtiiini asclcjnadciiM 
comes on both Gcntiana and Cynnnchum, the aeciclnl stage 
onl) on Pinvs syhcstus With Gymnosporanyuim cUtvaiiacfoime 
this condition is reversed the teleutospore form occurs only on 
fvaipnxi'i cohihiuni^ the aecidial on various species of Crataegus 
and other genera 

The effect of various sub-strata on the development of anj 
fungus inaj be most convementlj investigated (n) on facnl- 
titive parasites and saprophjtes, (fc) on polj venous species of 
fungi, (c) in cases where the fungus inhabits essentiall) different 
organs or tissues of the same host 

Tlie most obvious effect of the substratum is presented during 
the germination of spores The spores of most parasites ger- 
minate in water Tliose of certain smut-fungi, especially in 
the fresh condition, will not germinate at all, or only to 
a very limited evtent in water whereas they will do so 
immediately and unanimously on being offered a nutritive 
soliUiou Tilktia, a genus of Ustilagmeae, behaves, however, 
in (luitc the reverse way, it genmnates only in water, and 
refuses to do bo in nutritive solutions Hartig found tint the 
Bpoies of dry rot {Ufrvhufi) would neither geimmute m water 
noi in the usual nutritive solutions, but that they did so at 
once on adding alkalies to the water, such as those supplied 
by addition of urine Very characteristic is the bebavioiu 
of these spoies, which only' germinate in contact with then 
host plants, like many Chytndieae^ iSynchytnnm), as well as 
(Joxuplrtonft and Piotomycc^^ Others again scud out geini-tubes 
which lemain small and soon die away if an immediate 
opportunity of penetration into a host is not presented De 
liiry states tins to be the ease with swaim-spores of Cystopus, 
Ptronospora mica, Erysiplicae, etc Amongst the Uiedmeae, the 
gorni-tubes are short-lived, they will penetrate into almost any 
*1K Rarj, ^Torjldo'jy «««? mdogy of Ikt Fiiu jt, dap mi 
»An exntth jinrallel case is presentcl h} the see<l of Orahinclieie. « tilth 
animate only m contact w,th the rooU of their host {Koch’s “Orolmnchen.” 
Uii lcll>crt;, isSil 
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!i 1 ui *>n «li'’ r‘I »f It !•<' ii'* n * utnll nnr Iii I’nrA 
nKo 1 rt ^ Jin tnl*c nf /<nn •/» n» / jt-nui wlu h 

frtjinnt'i .ivfjt nr nnViic in’‘* /rnin'-i/»« 

Itnl *■ wijj (lir* Uniimnljn’ of nn fift* ujll 

enter t!ic stonnti on 1* ixe' * f nn\ of tl»cir |>]uil» r»|"'CJ »!le 
('ij>.Un luji will ojiU «l«\rloj» futtliir jf tlie\ ntv mrci^fnl 
in pcn< intins into the r*>t\le«!on^ 

Vanttion in tin pnli'^triimn \irj j.mt ilifTcnnce in 

the fomniion nf ilio ro|>jT»tlMcluc onniis. Thn« nnn\ 

^incit jtnxluee cnnilii 1*\ contiiitton^ <j*rt>titin 4 onh ^^^lln 
cnUi''\i«*tl in mitrili\« ►olution-*, ulnle tin ir ri-»iin^'*s|)or« < nre 
onh fp>tn 1 invcebum which llie rtpro*liicti\o 

or^'ins of llicir lio«t, ilm is tin witli citnn*, 

U nnthmrnm, nnil V (nttet In ollicrs llic spons nre femnd in 
'll! pirts of tin* llowtr, mnl tvtn in tin. inflonsccnci , »■» in 
V^tihjo crii^nfn an*l 0’ trrtj>j>ymi*, wlnlc m l/^iln /o j;ior/h« 
siorui nre nho pro<luce<l m lenses nnd Moni« 

The snnouspnrts of the snme plnnt Whisc scr> dilTtrcnil) in 
tin*- rcsjxjcL The U«tihgun ic ju«t consulerctl r« produce tliom* 
selves onl> on cortiun orj^ns of thtir host, nlllion^di the 
mjceliuin IS nlso present in other organs Otlitr fnnci belmving 
sinuhrl) nre Spxchloc tijphxm which produces ns pentliccm onl} 
on the surface of the she^itli of one of the leaves just hclow the 
intlorescence , Acetdmm flatinum develop:* its aecidm onl} on 
the needles of the witches’ broom, Accuhnm cttjxhorlinc Ins its 
necidin onl) on the leaves of its host, pruia has nsci 

onl) on the fruit , Cnlypto^pora products teleutospores m the 
epidermal cells of the stem never of the leaves, nnd so on in 
man) other cases 

The formation of oogouin of Gystopm exhibits n striking vnri- 
ition according to the host plant Gystopiis candiduf on Capsclla 
produces comdn alone, never oogoiua, jet the latter are plenti 
full) developed in flowers of Jirassica, being confined however, to 
the flowers while conidia are produced m all parts Gystopub 
hliti forms eomdia only m the leaves, and oogonin onl) in the 
stems of Amaranthxis Uxtuin'^ 

The m)celmm of many other fungi can only grow in certain 
orgins wliile germ tubes from the spores are only able to pene 
trate into certain parts of the host Thus Exoa'iCHs aim tncanac 
*De Bary, Morphology a id Btofotjy of tit Ftinp, Fnglish FJition p SJl 
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ln3 "x in}cilium onh m citkin ••ciks, J-'u //x'hi, lioucxtr, 

hiliennlcs m tin iihI firms n |)roiliicli\c or^'sns oiiU jn 

the w ills oi the innrN sfithiltiii'm •'jows onh on the 

cont senks ot sitnici fr<.«iiunts onh the jionn^' ovaries 

ut ccicals anil ^roMs nml so on other fnnj;i inhiihit onlv k if, 
Bteni root or tlowcr 

In tins comudiiiu |nnnlsof con'-ukrahh interest aie jircsenleil 
brV the hehavumr nt inanv ( ndineie hitherto little m\c«ti- 
p'ateel As w is jininleil out l»\ !h Ihrv, the "crni-tnlies 
proilucul from Imili ured >si>orts and aeculiospores (in i’/'0*i;im 
ihnnthi those from sjyjndn also) jH.nttnti‘ into the stonntii 
oi anv phanero^ imous plant If however, tint slionld not he* 
i host plant ol the fnn,;iis m ipu-tion lh< n the j'erni tnhes 
die a\\a\ m the stomatal aircivitv If the ho-l suits iht 
funj^-us onl) m a limued di„'rei thin no hvpertrophv will 
result md the lattei will allam onh to the formation of spcrnio 
e,oina let the host however le the one host suited to the* 
iun,’us then hjpertioplij will result and ntcidn he elivclojied 
Vorj conclusive evidence of tins intorestiiij' comhtioii ha« Ken 
inini«hed hv numoious e\pentnents which J have cirneel out 
with spoies of m • Jf one infects C’riitor^ii^ 

Oii/acnntha with G vciv marked stem-h) peitioph) 

lesults even hj the tunc* the speimo^oina have made then 
appearance, there is also consuleiahk swellin„' of leaves nml 
slisht enlar,^enitiit of cotjlceloiis while accnlii are provluced 
in numbeis evei) where When the «anie fiin';us is u'ld to 
infect Pynt'i Aua'paua, no jellow spots or malformation 
of an} kind ic«iilts, and spermo^onn, liardh visible with a 
lens aie formed onh here and llioie A similai infiction on 
Pynis UtUfoha (/’ Atm X lo}minnlis) results in a crop of 
badl} developed aecidia If quince be infected, then without 
an} hjpertroph} whatever, little leel spots beanng numerous 
speimogonn aie foimed on the leaves, but tlie development of 
the fungus ceases there, on the death of the quince leaves 
the chloiophyll is retained m the immediate neighbourhood of 
the spermogoniil spots, so that they remain foi some time as 
green islands on the yellow leaf R Hartig’s infections with 
ifclampsora iumvlac also led to vaiied i-esults , on Pinvs there 
ensued a distinct disease of the cortex (^Cacoina 

‘v Tubeuf Ceilralblatt/ Boflenofojiev Pani^i/e7dnnde 1891 
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mImIo on 1/trvr nnl' little cn«hioni Hj)|'cirr<l on tlic nceiUc* 
(C^TAwa Inriat) 

Thc'c Mnition< in tlic cITcct of the 8uli'‘tntntn on the 
iloNclopmcnl nn<l repnvlnction of the i\in‘«itc'» n«^i<it tin to 
iin(lpT>Uin<l the well known rc*>i^tfl!icc of rcrtnin xnnctit^ nnd 
Fpocics cpulcniic (li'‘cn«<<, winch nn* sweeping' off their 

ncir allies Thu«, we know tint foiiic Mnclic? of ccails snfTtr 
from attacks of nnl fun;»i more tinti others j’rown nniler likt 
conditions SiiniHrh nmon^'^t the Mnelics of Miic some are 
known to be more fcimlixc to disci'c than others Thc®e 
points will be more full) dncm^eil in a subscipicnt chapter 
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NATURAL AND ARTIFICIAL IN^tCTION 

§ 10 In 'lUiticnl infcctjon wt L'l'o i niotlc of distuv'^'slnng 
whether u fungvis is inrasitic or not, m other wonls whctlitr 
It IS c'vp'ible of peuetnting into the org'ins of liMng plants 
This method of m\ estimation should alwns be rt‘*orlcd to in 
detcrmimnm the cause of disease m>rc especnllv if injcchura 
or sporocarps of several fungi ire present on the disei^cd 
material simultancouslj lor it not iinfrequcnllj happens that 
the disease has made so much progress as to make it ([Uitc 
impossible to determino whether or not an} fungi pic'ont on 
the dead remains aie rcallj the cause of di'scasc In man) 
cases where one finds a m)cchum m living parts it has 
disappeared and onl) sporocarps remain in portions alread) 
killed 

Injuries due to insects frequcnllj accompan) fungi on a 
diseased plant so that it i« extremcl) difficult to sa) which was 
the primary aiuse of the damage ami artificial infection must 
be resorted to So also with injuries from some external source 
like drought heat cold moisture and mechanical cause® 
Fungi appear so soon after hurtful agents like the®e, that it 
becomes doubtful whether they arc the cause of the death of 
the host or the result of it 

Slinutc observations tn situ of all the circumstances connected 
With the attack combined with examination of numerous speci- 
mens and comparison with neighbouring plants, enable one, 
after some experience, to saj with a fair degree of certaint) , 
whether the disease in question is of fungoid origin or not 
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Tlic cxnct proof, howcxtr, !)c<t obtninM li) iiicniii of cx|>cri- 
nicntnl infection 

Willi imnj |nrxsit< I? the Bporocar|!«i nre nornnl!) dciclopcd 
Mjiroph} licali} on n deni Mihstnttim, so tint if piniitnm 
he 6u«pccletl It can onlj Ihj pro\e<l h) inficlion Thin the 
peniheen of Xrrlrtn etjin/tfttnnn dc\clop onI\ after the denth 
of the phnt orjrin, mIucIi tin fnngin ntlaclvcd when nh\e The 
more complex rcprtxlnctuc on,nnH of iinn} rnn"i arc dcxclojxid 
onlr on cle-id renniin of the host, while on luing or d}in,» 
parts one finds a annus forms of comdn of doulitful relation- 
ship In main cases it hrs liecii jiossible, b) nicans of artificial 
culture alone, or combine*! with artificial infection, to pro\c 
aanous fomis of roproductne orj»ans to be stages m the life 
of the Paine fungus. 

When a group of fungi contains both saproplij tes and parasites, 
It is often necessary to determine whether some species is para 
sitic or purcl} saproplutic. This is particular!) the case with the 
groups of I*)renoni) cotes, Disconi) cotes, H)mcnoin)cctes, scNonil 
groups of the lower Fungi, the Ihctcna, and ^^)^om)Cttes It 
IS unneccssar), howc\cr, with the Uredmcai, Ustilagineae, Per- 
onosporeae, Exoasceno, and other groups known to contain 
parasites e\clusi\cl) 

But even in these last mentioned groups cxpenmental in- 
fection IS necessar) for obtaining information on other points 
The reproductive oigans of Utcdineac cannot be reared in 
artificial solutions, so that their cultivation must be earned out 
on the living host plant In ibis wa) alone can we ascertain 
the relationship of uredospores, tclcutospores and aecidial forms, 
where an) doubt occurs as to their belonging to the same 
■species Infection becomes particular!) valuable when one has 
to investigate lieteroecious Urcdineae, whose various forms of 
Teprodiictive organs inhabit several host plants Thus it was 
b) means of infection that De Barj discovered the connection of 
-Acctdiitm beibcridis on the barberry, and Puccinta gramtnis on 
■cereals , likewise Hartig the relationship of JWdampsora Goep 
pertiana on cowbeir) with Atc^inm columnarc on needles of 
silver fir There still remain man) aecidra, telentospores, and 
uredospores whose related forms have not )et been found 
Infections are also necessary to determine the species of a 
fungus It has been found, for example, that Gymnobporangium 
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confimm find 0’ tfilimr iinj. in then nccidnl stn^'o, be dis- 
tinguished Its t\io shecios mliMntin^ distinct hosts— /I'l and 
pyrus icspetU\clj-~v.lu.\c'\'< in thcit Iclcutospori, hta^c on juuijk r, 
thej scircclj Min In inftction "« In\c nn iniI‘orl'inl nut in 
determining the liosl pl'inli of the s mous forms of hct( roetious 
fungi nnd in this \n \n it Im been found tUit the same fungus 
bell'll Cs difli lentil 'iccoiding to tin. host plant on iihich it 
IS present Ihus m the gcims (itnini ijorani/uiiii.l Imc found 
that fi ccTt'iin spvnies had i\c\l dcicWptd atcuUa on one pHiit, 
pooili cleiilopcd oiu<» on another 'vlulc on a third oid) sj*ermo- 
gonn appealed Sumlarh in thit ease alrcadi mentioned, 
Hartig found the V»hiw}M>rt of tin avj\cu to pnxhicc on the 
pine a dtsoise of the coittx accomjniiicd hi nnrhed deformation, 
iiliile on the larch the •^jinptmus inert inconspicuous aecuha 
on the needles 

Amongst tht Ustilagmcac cvptiimtiml infiction is necessary 
to determine Mhciliei thi inturd infiction of host plants rosiilts 
from getminating a^iotes (ehlaimvKbj oitsi or fiom gennmatiiig 
conidia (sporuha) Knhn nas able hi tins means to diinonstralt* 
exacti) that the spores of I stila^meac produced germ tnhes 
capable of direct infection Iltcfcld succeeded in ohsening the 
penetration of germinating spondn into a host plant In this 
11 aj he pioied amongst other lacts that maize ma) bo attacked 
h) CAtthiyo -moi/ihs on ati> jowng part also that the niicelmin 
remained locil Oats on the othei hand could onl^ he infected 
b} V^tilajo «vciine at the neck of tin. joung seedling and tho 
mjcelium extended through the plant till it reached the intlor- 
e&cence, where the spores are fonutd 

In the ca'e of the r\oa«ceat liio points nere cleared bj the 
aid of artificial infection — the penetration of spores into leaies of 
host plants and the production of witches’ brooms Sadebeck,^ 
bj means of infections of J-j.oascus tpiphyllu'i on Alnns tucann lias 
produced witches brooms arirficnllj, thus proMUg that these 
malformations reallj ongmated from the mycelium of Fioaacus 
It IS b) infection expennieiita that one determines into iilncli 
part of a host the germ tubes penetrate iiliether into Icnf, flower 
fruit stem or loot and also whether it passes thiough the 
epidermis oi between two adjacent epuleimal cells, or through 

IrwiVnf''^ ^Uenu-Au»,g«n ubtr tl TayAnna fienorg^lrncftleH £»wm 
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tJif* f-tfUmlA. ^\Uo, Mlictlior tlic prni'ltjbc forniotl from n 
pi riTiimtins fjwtc •\m'Cl, or if, nn ^lJm\l1 l>c IViry 

far SrhroUn\n, n iiucrlnnn Mpomn^ rnouplj to pi nctrntf’ iini«t 
fif-l Ik? tlnclopcd MpropJixlicilli. 

In till* oniJioctioti lV» Him * lint tJio pc rin-liil*<*« fmtti aH acK'iiIio 

H*or« « An I itnilo-jwirc* <>»iU iwin li\ aihI i1ji*itcv ox tend llimtiplj 

llio nitcToolIiiUr AjvxroA. Fntn tlm npli tin* •toniAl-i ln< A!«n ]> on olHorml 
on tlio c«nn IiiIk-a ffnni »j»findjx of ! fj rcy»«<viBJ i And fn>ni Ajeoro* of 

Ertt^lomn On tlio < llior Iix»«d p« nn ttilw A fnnii tlic Ajmtx a of tc IoiUo«jxiit*, 
from A|«oroA of lVn’no»jxtn xo. l’»tilxpiiiexo, Arfon fmi », /Wjc/fi^tif, J'ro 
/o;JVooji. aikI Syvf! vtnom offc-ct ah tnlrtiice llimnplj iJio oiitrr nil wnll< nito 
tlio ojndomnl nlN or »lc>nj\tAl pnxnlnlK IK Itiri. aI«o dfMmWA the 
jiocnliAr IwliATicnir of rociAjxmA « f C^*t< i>ti» am<! /Vrt»rioo/x>r>i Hmtof/r/onirccm, 
whicli, if th«\ ccitne toi nul iiexr a Atomx, pc miinxlo, Atiii the genu tiil>e 
enlenc themn, «herrxA one detelojMtl m wxt« r a<x>ii diex Certnin fiingi 
I>enetn»te AonietinieA throngte the nKmhr»iie, Aonutimii 1>% x Atomx.r^ — 
/Vi^fo/>/c|/.nrfT in/ojcfciAA, J'tmnotpora EtoIhuuUuih ic7<vi«ii 

In the cx«e of I'h^toi'kthom enumro, flArlig fmind tint the gimi tubex 
from the looxpcircx crejit Along the enrfxct of the hnf till the\ nxchwl a 
]iUee Mliere t«o e|iideriinl ceIN Adjoined . there tho enterni, and onl^ 
rarel\ grow into the ejudcrnnl nllit Tlie germ tnUx i f Protom^cci macro 
tpont» and Tuhuronia tri«ntaU$ u\Ut their ho<t« in the Mine «a> 

From experiments, one is nblc to tlcierninie the condttioiis 
fuoiiralle, or otherwise, to infection by pnmsiljc fungi, to nscertnm 
tlie inlluence of temperaturo, air-inoisture, wnter-contont of the 
host, hairiness of the Icatcs, anti the efiect of icsin or othei 
excretions as protections to wounds For example, it wns ir 
this waj that Ilartig found Salts pulchm {pminosa x daphnoides', 
to be .1 lijbrid which, on account of its hairy leates, is more 
resistant to Jfdampsora than &ilix pruimsn^ Jluch iu\estiga- 
tion remains jet to be ilonc in tins direction to ascertain whal 
xaneties or species of cultivated plants are likely to be least 
fiabfe to attack 6 j epidemic diseases* 

The methods used in carrjing out artificial infection are 
based on the observation of cases of natural infection Most 
frequent!) infection is performed by means of spores, less often 
with mjcelium 

The spores of lower forms of fungi are generallj’ distributed 
bj’ means of w ater, especi illj’ m dew or ram Zoospores are 

I Morphology and Biology o/ the Ftm j%, English Edition, pp 361 362 
sHartig, Dittatt* of Irtti, English Edition, 1894, p 171 
*See Chapter v on "Disposition ’ 
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coinplct».l) fid'll ltd for di‘«ttibuti w in vnlcr Atiion^'st the 
liic,licr finig,! s] ore di'.tnbiUion nlmo«t nli\nNB taVcs pbce 1 } ino'in'i 
(f Wind ln«ccts ngciils nic rire jdtlinuj.li one do(<i occa- 
sifiiall) find s] ccnl ndaitilirns intended to pccurc tlicir muI® 
Tito s] flics of nnn> finvi me fnicibU ejected frrin tin. sjoro- 
tnijis n^ci ir spemn^m, f-onic of the iimm nrmnj.oiiKntR wliicli 
ciisuie tins will It r^l\cn in llie *»|>ccul pait of tins boob otlicrs 
will Ic found in tbc works of /oif* and De ]tar) " Indwi^. 
m Ins textbook* loinlJ. nU tint Uic sjores of innnx 'lJ^Uln 
piiieat ficfiuintin^^ entomojlnlous Ibwcr* arc j roMded with 
ridpcs and spmes winch arc |riHU\ an n hptaiion to tlicir 
tians^oiiaiion 1) injects smooth coated scores art more common 
on lca\cs btcim and or<.ans other thin tit llower and art 
CMdcntU distributed lx the ajicnc' (f wind 

riu mode of distribution and infection is <\witc a^pvrtnt in 
nniii fun i Thus m the oat «niwl (t Ithjo nifjnr) the 
di«ea«cd cars in a fuld nee aboic the sound *0 that the lijKht 
dust! spores aie sluken out m clouds l\ tUo slightest wind, 
tlicj Inbenule on the earth oi on smw and ptrnnnate in 
sprinj; to infect the oat sccdlmj’S at llic last of the stem 
iquallj simple is the distribution of sports and conuba from 
one plant to another bj wind dumv sunmicr Good cxamiles 
of tins mode arc the conuba of the Insiiluae and the 
atcidiospores and uredosj ores ©f tht Irodiucit Thus the 
jellow Scores of Chrif'^iiyia iJwlothnln whou the atculia are 
present in xcij large numbm on the netdlcs of sj nice 
maj cause the plieuomenon known as sulphur rain It is 
well known tint this is generall) due to the xcllow jollcn of 
conifeis caught and earned to the ^round in ehowti'S of ram 
but r Haitig de cnbes a case obsened bx him near Aclicn see 
(Txrol) xxhere oljects xvere coxered ba a xclloxx dust consisting 
exclusixelj of spores of spores of tins kind are 

capable of trinsiort to aen great distances so that lietcroecious 
species can still keep up tbeir councotion exen though bj no 
means near each other 

Aecuhosiores of all 1 mds are distributed more b^ xMnd than 
b) insects In lare cases howeaer the necuha haae a sxveet lloral 

’7opf De Pie ls90 p 340 

*De B.irj Vorphofoo^ and B ologj of tie Ft g Fngl si F I tion ISS" 

Lthri el ! » « l#ren Ktyplogame eg p 3 0 
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odour ffj .frr or/ ro/i r> jn Amrnci Tlic wnul wc inu«t nl'o 
rcgnnl o'* llio dj'tnl ulor of uwlo'iHiros niul of the Pivindn of 
pcnuinnlinp tcloulosjtoro^. TIjo Umlinnc ln^c tvjucal 
for (li^tnhiUion I'A vind with llic exception of the «o cilletl 
''po^noJ:onl^. These flnictHre<» nrc irrKhiced !)} most Lredine'te, 
pcnenlh on tlie nijwr surfic* «f tin Itnf nml Wfoa the nccidm, 
iho} nre 1 nphllj coloured nnd pixc out («|icrmntm in n slich} 
goHiinonx slime frcquenllj witli ft distinct odour Thus tht\ 
seem to l»c ndminl 1) ndi]»l«*«l to tniisport h} in«ects nnd nrc 
m f-ict M«ited hx them Tlicir distnhution howexer, Ins little 
importnnco since thex nre ns fir ns kiioxxn incsjnhlc of 
pcrminxtion Thex art. re^inlc*! l> imri} ns degcnenic forms 
cither of mile scxinl orpnns or of jncnuln. Some of the 
spemntn Inxc been mnde to germinste in nrtificnl culture 
hut of their incapscU} to permiintc in intuml siirroundings 
there cm be no doubt I nm not nwnre of nnj one xxho 
has succeeded in bringing nbout infection xxjih thc«c spormstin 
but I Inxc tried it often xxitli no result 

It IS much more didicuU to n«ccrtnm hoxx fungi xxliich 
hibcnnto on the csrth find their xxnj in spring to their 
respectixe host plants in some cases exen to the croxxn of xerj 
large trees Amongst such forms one frequently finds nn 
arrangement by xxliich the spoics art forcibly ejaculated Thus 
Phytisma acennum xxlucli reaches maturity only in spring after 
lubernating on dead sycamore leaxes nnd Sctcrotima hcMac 
xxhich does so on fallen fruits of birch both have their spores 
forcibly ejaculated and earned oil by xxind Klebahn states 
that the ejaculation takes jlacc in dry xxeather and that the 
spores of Phylisma are prexented from drying up by a geli 
tinous covering In a similar manner the hibernating spores of 
Erysipheae on fallen leaxes must he earned up again by xvind , 
so also those of Polyshyma which npen on the ground and then 
infect young leaves of plum and cherry trees 

Infection by means of the mycelium generally occurs xvhere 
the mycelium lives in the earth Thus the hyphae of Trametes 
radxctpcrda groxv rapidly from one root to another causing a 
centnfugil spreading of the fungus so that forests attacked by 
it haxe the trees killed off m patches Jlycelial infection is still 
more effective in fungi like Aganeiis mcllcus which assume the 
form of rhizomorphs Infection by means of the mycelium may 
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also occur unionist sptcus of fun^i nl>o\e jjromul Thu'? 

the in} celuun of B lryti'< sprculs from pHnt to phnl, nnd on Fcctl- 
lings in hot-beils inn} form felled nns^cs feinuhrh the in}cohn 
of Er}Siphcnc, of Tnfho phirrin, mid of JTrrjntrtchin nmke tlicir 
wn} from one part of n plant to n nct^hhonnng pirt m contact 
Artificial infection ma} be earned out b} int ins of Rjiorcs 
or b} in}celnitn In the circ of swarm sport ■», the operation 
can Old} be conducted m a dump chiinbtr and on well* 
inoistenod leaves Thus, }oun^ plants of h* cell must he well 
spia}ed then infected with eonulia of J’hf/hphthoni onntroro 
and placed under a bell jar to prevent dr}nijt up In tins and 
man} other snmhr cases one finds that while the sjiores require 
moisture to ensure genmnation, vet the gerin-tnbes casilv leave 
the water drops and penetrate into ilio leaves, in other vvonl^ 
the living leaf exerts a greater inlhiciicc on the in than the water, 
the chemotropic stumdus is stronger than the h}drolropic 
The spores of the lower fuinn arc best i«olated bv the aid 
of a lens or microscojic then washeil on to the place to be 
infected In live ca‘*e of U<daginevc and I'ttshneae the same 
method is used except that dr} powder} forms of sjiorc* arc 
simpl} dusted on to the host plant to be infected When spores 
of Ustdagmeae ate being used the addition of excrement of 
some sort is freqnentl} of advaniasc since il promotes better 
germination and the formation of conuha capible of infection 
after it is exhausted One must also pa} attention to the fict 
that some smut spores can onl} infect the base of the stem or 
parts III process of elongation, while others can onl} attack 
parts of the flowers The telcutosporcs of the Uredineac must 
first be germinated in order to obtain the spondia with which 
infection IS earned out, this genenll} takes place in water 
Thus with species of Gyvnwipoiangium it will bo found best to 
mix the whole gelatinous mass of teleutospores with a little 
water in a shallow gla-^s dish, and to ascertain b} micro«5copic 
investigation after a few liours whether an} spondia have been 
produced If this be the case the gelatiiiovis mass is ihorougld} 
broken up, more water added, and the }ellowish water sprinkled 
over the host plant Care must, however, be taken tliat the 
larger portions of the teleutosporc inaes are not left on the 
leaves otlierwise death of the latter will occur at these places 
without infection taking place For a similar reason it is not 
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nhi^nllc to l'i\ ]»nrtjnn< ff tli* n‘‘C«l dirwth on linltli} 

onc^ It imicli Kttcr plice (lit in ncir cncli otlicr in n 
tnoi^l chiinWr Innpinj; llic f rmcr cmt ilie hltor 

\\ Jicn infection is cirmnl on oul-of iloor* it is Irf-ot to obtnin 
1 Fiinll |ihnt ^^lncIl cm Ik nccomm«!'it«“<l under n Itcll jar If 
tins be tin ittiiinl )( it is ofltn ]k>ssiI1c to lend one rf llic loucr 
bnnclics (l)t\n to iIil j.nmiil or ctlicr sn)ij)ort po lint it can Ikj 
cotcrcsl \Mtb n Ik: 11 jir A^ain n I ranch or |>ortinn of it iin\ In? 
first ?! nnlvIcKl then Ih und Io»« h np in n pirchnicnt pajtcr 
hen carrMiis on infection it is of iin|x)rtancc to nvoul a era 
hot and drj or cold dajs, moist unrin nnd clotidj dajs or close 
ftill luphts will 1)0 found best In the ca«c of diseases of the 

nnd U IS generalh noccssarx to wound the pendenn bj a few 
fine bnife-cuts then to jlicc then on n ftw drops of water with 
infecting spores suspended m it 

Artificial infection ha means of injcchum is „cnenll} 
attained bj placing a diseased portion containing h\ing in) 
ccluiin in contact with tlic health) so tlmt the m)cc1ium can 
grow from the one to the ollar Tlius with bark diseases a 
small portion of diseased nnd is cut out nnd fitted into n 
corresponding incision in the nml of the plant to be infected 
the oculation or graft being then protected against dr)ing up by 
gutta percha tree wn\ or parchment llic ingrafted portion 
need not fit ler) nccuratel) if well bound up because the 
mycelium will grow well m the moist chamber so formed The 
most Mgorous m)celium is gcncrall) found on tlie boundar) be 
tween health) and diseased parts so that portions from this 
region should be selected for infection 

If the fungus under maestigation frequents the wood it is as 
a rule a %\ound parasite so that for its infection the wood must 
be laid bare and a diseased portion applied to it If a branch is 
to be infected {eg with J^ectna or Cttctirbilana) then it should 
be cut o\er a bud the exposed end split and a fine wedge of 
diseased wood inserted the whole being bound up It is also 
possible to graft a diseased brancli on to a health) In the 
case of stems a portion of the health) one should be reniov ed a 
diseased piece inserted and the wound closed o\er with grafting 
wax or cla) Presslers growth borer may m such cases be 
used with good results to obtain a C)hnder of diseased wood 
and to make a suitable receptacle for it in the sound plant 



CH\PTER V 

DISPOSITION OF PLWTS TO D1SE\SE. 

Ml mu't here CL'tin'nii'h Wtwcen "in internal or 

inherent di-jK* mon dependent «.n ilie con'tilutinn of tlie linnir 
protoph'in of the h'>t cell and an exiennl or aecidentil di— 
po»ition ansiiu from an it^aiical peculnntie' or from the con- 
dition* of eninronment 

The condition of inherent disposition hn* a.' jet I'ceu little 
investigated In manj cases it must be allowed that Ti.«tins 
cells are more dispo ed to di«ea.e than ih'" e m full ac*i\ita 
of life Thus De Bary ^ basing hi' conclusion* on the ob'enation* 
of Da^ aine and r>refeld j>omts out that > anou' specie' of Muo r, 
riniriUii’Ti, and allied form* penetrau into npe juic} fruit*, 
and remarks ‘Ob enation of the fruits shows that the fungi 
de%elop more ea'ilv the nearer the Mtal powers of the plant* 
attacketl are to their lower limit and at ihi point the conditions 
of saprophytic \egetation make their appeirance"- Di\-aine 
also found that the %egetalive organs of several succulent plant' 
show the same phenomena a* the fruits As further example' 
nia} be mentioned that fungi can frequenth penetrate withering 
plant-organs while they could not infect the fresh h\ang ti ue 
Hartig oh-^raed on Pezi.n ITi/Wommii that the mycelium of this- 
bark parasite advanced and killed the ti 'ues only wlule the ho't- 
cells were in a condition of ■vegetatvxe rest not during their 
actiie period 

* Ar<njhofr?yy and Bio^o^ «/ th' En^li^h Edinon, p. SjjI 

'Wehmer {B'xtrafj^ _ Ktnnt ciRX'iinM>‘/(r PJje, Jena, 1*931 has contributed 
new facts to this snbject, which are referred to later 
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llartip* nUn fc nnd tint jiirnnnt vtrUn * m pcnctntni^’ inti* 
flooU of ( onh killf'l tlio^e c<ll* wincli it «crr rc«tc<1 
wherein tlip cell' rf prt' m comniiitiicntion wiilj Ptool f>lir.ot« 
nn not nincVotl likewise S^liwnr? 5inlc‘» tint the iinccliiini 
of Cnw)q\iin nlifU* on!\ ixtcnil^ tliroiiph J me •hoots nl n time 
vhen there !• little M*^<tnli\e ncluitt 

w\cciilcntnl di']>o<ilifn ilepiuls lTi>.ch <n tin iintnrc of the 
cpulcnnis cnclo^m^’ j hnt orpns The ptmis of imn' phnts nre 
jrotected from intnuliiv fwnp fiom the tune the cpdinins is 
rcplace<l M a cork\ hMi <till l*ettor after a lark is formed 
Hence \oniip rhoots arc in n condition of priTter disjwsitjfni 
than older ones There nre howiAcr \nnous pndes of dis 
|>o«ition to Ik? olscrM-il extn wlicii n Pini]de epidermis forms 
the onlx coxtrinp ns is the ease XMth most leaves Howers niid 
nianv fruits Tlic nevvU formed c| idennis is ns a mle mo«t 
disposed while its walls are j-till delicate nnd imcuticuhnzed 
hence manj orpans art exjKjstd to nttacks of funpi oiilj m their 
younpe«t condition It is ens\ to infect find kill voujig leaves 
end shoots of conifers with / (ry(xt Dox jh^xx wUerens oldci 
needles will remain quite tinlmrmed Smnlarl) with ChrysovxyKt 
rlofioihndrx on spruce ntedles Cili/ptt^poxa Gocjjxcrtiana on 
silver fir nnd other* Ilowers nre al«o more eisilv infected 
in the jounp stnge cones of sf nice h) Accidiuin stroVxhmin 
DuriOp, earl) )ouih plants nre insuflicientl) protected from 
great cold nnd drought nnd also from infection b) parasitic 
fungi Tins ma) be because tlic joung non cuticulnnzed walls 
offer less resistance to the perm lubes and Inustoria or because 
the) are more pcimeable to an) feinieiit evereted b) the fungus 
Organs developed late in the vegetative season resemble those 
m the spring condition in that thev have not as )et matured 
and are but poorl) j rotccted against extremes of temperature 
or attacks of parasite® 

The condition of disposition ma) be easil) promoted for 
purposes of artificial infection b) cultivating the host plants in 
a moist chamber or under a hell jar The same condition 
may easil) arise m glass houses or hot beds hence one ha* b) 
means of constant ventilation to guard against it 

Many diseases of seedlings {eg PhytoplUhora OTnnixorci 
and Pxjtinxm) are onl) to be feared so long as the stems of 
^Forstl naltrintt Zetturhrt/l 1S94 
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tbeir hosts Tre unprotcclctl bj cork fornntinii I’hiil orgrijs 
rich in i\i\ter irc in a condition winch disj>f>‘<cs them to attack, 
Hindi more than drier parts Xlic \oiingcr jiarts of niij plant 
arc more dispo‘<ed llnu older parts Thus in a spruce hedoQ 
witli jouiig shoots appearing at difitrent times, onl} tliose 
shoots will be liable to attack, which are joimg at the time 
of tlic scattenn^ of the spores of Cliry^ouvjrn ahfti*. or other 
spruce fungu® Dc llarj was of opinion that plants of Cop-^Un 
were disposed to attacks of Ci] topu^ cnmlidvi, onlj as long ns 
thej retained their cotjledons because onlj those spores gtr- 
minating on the CQt}ledons lorm a nucelmm which ultimately 
finds Its way through tht plant, whereis plants which had 
already lost their cotyledons at the tunc of infection were 
in no danger Jtany of the Ustilagiiuac attack cereals only 
when these ha\c yust emerged from the «oil infecting the 
young stems on the first sheath leaf whereas ohlcr and more 
advanced individunh are exempt While all plants with a 
delicate epidermis or corky layer arc liable to disease yet «omo 
ore more so than others This is extniphlitd by the difftrent 
powers of resistance to di«casc or insect attacks exhibited by 
nearly allied forms of our cultivated plants eg vines, a differ- 
ence probably due to some variation in tbcir outer membranes, 
such as IS further demoustralod by thick skinned potatoes being 
more resistant to disease than thin-skinned 

Disposition IS often due to external circumstances These, 
however, act rather in presenting favourable opportunitiCb for 
infection by germinating spores, than by directly disposing the 
plant to disease Thus prolonged wetting of a leaf from rain 
favours gernunatiou of ^poies and at the same time by softening 
the leaf, ficihtates penetration of the germ tubes StahP has 
pointed out that leaies on which viater remains for any length 
of time present greater opportunity for growth of saprophytic 
epiphytes or for infection by parasites than leaves with a 
smooth surface or of a shape which facilitates ready escape of 
water from their surface It is al'so well known that larches 
in damp situations suffer more from Pc“i“rt ^Vxllkommxx than 
those in drier places, the fungus spores maturing and germinat 
mg only in moist air Similarly , moist weather or damp 

» Regenfall u BJattgestAlt ^na d i Jardvi botav rfe B itfen om, xi , 1893. 
Ji 1J4 
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Mlmlions fi%our rcjiroltiction of nii1<!M\ nn<l ttlirr (li«ri'!C', 
under fucli conditions n npd incm«e of j*otato di«oitc ilnnn^ 
duh js oi'iU oli'iorA'iMp nnd iin% l»c pifch foretold 

Tlic cxton'ion of Krrj' tnrh\n is pmllv ficihtnto*! bj phow 
^^ hlch «cip]is down ^fmn^ jilint^ or bmnclus of s]>mcc nnd 
])ins llicm to llic* *^ 11 , when the ftinpis drvclopH on its lio<t 
under the pnow co\onnp On this nccoiint clc%alcd siliintions 
and liole plintinp render the ppnict Inhle to di«ei«o 

Mill) phiiLs which ns n rule sufTir from ftin^^is <liscn«t s 
will be found to rennin exempt in open or dr\ siiinlion'* rr 
dunnp n drj period The tops of trees nrc not nltnckcd hi 
mam fungi which frequent the lower |virts of the crown This 
13 particular!) the ca«e with epi]>h\tic lichens nnd certain fungi 
which require n high degree of nir moisture Tucho'^phaerut 
parosthM alwnjs icrj nbtmdant in damp sihcr fir rcgenemtioiis 
IS almost nh«cnt from free «tniidiiig trees or from the higher 
parts of the crown in closed forest It i« m fact a parasite 
well adapted for cMenston in the crowded mnsses natural to 
the earl) growth of the fir, nnd the host is during its )outh 
disposed to disease from this particulnr parasite A fungus on 
the beech bchaics similarli, occurring in Ihiana oiil) in the 
lerj damp parts of close high forest nnd in Alpine goiges 
Other fungi hate better means of protection against drought 
for example Ilystcnum macTO‘‘j>onutn has its spores enclosed in 
gelatinous em elopes and maj be found on the highest point of 
the spruce although on the whole its distribution is most 
faioured bj moisture Fungi which frequent algae or are dis 
tnbuted bj means of zoospores depend absolutel) on moisture , 
hence they frequent hosts growing on banks of streams places 
liable to flooding or low l)ing moist meadows whereas the same 
host species remains completel) exempt from their attacks in a 
dr) localit) 

A plant ma) be said to be m a condition of abnormal 
disposition to disease when depnxed of its natural protection 
Thus wounds of an) kind render a plant disposed to infection 
from wound parasites, which are unable to harm uninjured parts 
After sei ere hail storms an outbreak of Ncctna ditissima is not 
unfreqiient amongst regenerated beech or e\en in the canop) 
of older forest I haie also obsened an extensile outbreak of 
Cucurlitarxa Idburnx on laburnum near Munich obviousl) due 
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to Imt Jmc} fruits whose epultrnns Ins become broken soon 
rot unless a protecting liser of woiiml-cork is npttll> formc<l 
WomuU lu the wood \in.3»,nt mi cntrincc-^ite to tuimcrous 
PoUporeie, otherwise unable to penetrate. In the cv*o of 
wounds to the wood of spruce or \ 011114 branches of pine, a 
protecting crust is frc<iULUll\ formed b\ the rapid c'tcn.tion 
oC rcsiu from the injured surficc* 

The disposition of a host plant dcpcmls thni on some inherent 
condition of the proioplaMu or on some accnhntal circumstance. 
The latter uni be anatoimcU mid dm for c'cample, to thickness 
or othir propertj of the evxiicli or to a \nir»co\enn4 , it iinj 
be moiphological from sonit defett sij on the pul of the loaf 
m not xllowing cisi c^cipe of w Ucr Hit di-^positimi mix b* 
panudic (rj ui jouth or at tl »\\enn4) or it max be permanent 
It max be generic or conluitd to «ome puticuhr x xnety or 
species or it nn} bo iiuUxidual It mix be normil or abnormal 
The practic,d Ics'on of this thip’tr liis betn that \xe should 
cultixate our plmts «o as to uoul the tomlition-* which dis 
pOsc them to distist and tint wc sh«>uld rt ir and cuUix iie 
the&o kinds leist liable to injiirx horn ibsti't The considen 
tion of ihe«e points forms the subject of our nett chapter 

‘Rmiq la m U«clf not anti«cptu an I in lie Ilut I iniilitnn »i»« le vhntx 
affonU no birncr to fungus In |>l>s« < f r r. f r* iih> i ; it an 1 NVfr 1 f m<* irlifiga , 
the Inrlencl crust on a « lunlcl surfut •trm lit\M\tr to kirn off sports 
fiom the i)lant tis ues anti prvicnts the |ruetr\ti>n f gtrintuUs 
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§ 12 Menvures nre known for the prc\cnUon niul curt < f nun) 
fungoid ch cn'cs of j 1 mti of n^ncuUunl s\hicultunl or horti 
cullurd inUrcst Tlic«c ln\e been <lcd«ccd from the biolog) of 
the pin'^ite nnJ rchti n to its host tind ha\e been uscl 
praclicall) "ilh more or less success In n large number of 
cases howc\er little ad\ice can be given because as )et the 
cause of mm) di'CMses is obscure wliilc for others suitable 
reag,euts for cure have not been found Man) of the methods 
known are iiupraeticablc from the cost entailed m carrying 
them out Otliers directed against some widespread disease 
fail from lack of organized co operation the efiorts of a few 
indi\idual culti\ators here and there making but little headway 
against the disease so long ns the patches of crop under treat 
ment are subject to fresh in\asiou from untreated places It is 
desirable on this account that the combating of diseases of our 
cultnated plants should be conducted under some kind of state 
super% ision 

The first step towards combating the more destructne diseases 
of plants IS the spread of knowledge concerning them and the 
remedies a\ailable against them In Bataria and other German 
states this is done for the diseases of s) Ivicultural importance b) 
regular courses of instruction m plant patholog) in the forestr) 
schools In the same way it would also be adtisable to gi\e 
similar instruction m agricultural schools and also to make it a 
subject for examination Another important step consists m the 
establishment of experimental stations wheie investigations in 
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♦ •'.'!//' L -} camM o-t vLil a: t^ «• tr"f lia- 

r'll* \^*o^ cojH 1 al c» VI h rf^-nl to ra’-n^ of an\ 
j‘ !♦ Vr'-'l'r i fo' tl " e-j/r rf 

infj’ 7 "'’* n I* to I*' f -r I in col’ v-‘ o^xt rf o'" jhn*- 

<]/-'« rr r . "I f'”’ *- 2 - ** r ' in jl '' if'' to tl “ 

1 jl/ u 

‘Up ni. loirrcr^ij n'’ If r cnl »' at o i is al'O nM^ 
vi'h a ■VI " to f/l’-f‘ ^1 1 il nbjtf infonnalio i crn''frnm_ 
jr» frfjwlsf-af Tli'' 'airf a coJd al*o irran:::'' 

.-nl if r'f"! f inf rt 4 ^ r«-ral anl Irea’isf-nt r*" 

VI ’f jjf''' 1 ’»irif V 1 «*rf jrove<J A- verc Kho'tti anJ 
^l.i iH" h 10 fiT anl co'nlja'ins a 

llptiiAi'" f arc alre^ h unjv*«alh aj^!f-<l a "i r ' ll <’ Piivl 
lor‘’ra, ‘'irialarlr m 0<ncinr anl < h^r c^■Jnl^f’^ o“ cu.1 
no I'f t annupllj ^nvcn fo" nation o** ni M tf>f» (Vi‘n n 

alfvm) m fniit •rc-f* anl m I’ni w th^ comba'ins rf Onmc/ntn 
rnjO mjr/m > i cam'-'l oa' bv ord<- of th'' j>olic<’ autbonti**- 
TIj tar nn/inj of trc« a.^ a jreventue airim * nttacl.* of jme 
w^b {(j v^To^r} n j-int, IS roimlarU cnforcM oerj'vbcrt in 
forf *-foutitrf and vuh tlj'=' its-ult In a «imilar manner 
m most countn<« tht* anl o'her fore • pf-'ts are ejpi.ni«^l bv 
the i^nal cM** anti crmbate<l with mctcs 

15j diran cm^nW of thu hnd it y>o 'lUe to keep certain 
dL*f'a>f'^ cftnplftflf in checlw Tlius as a re ult of reenilar ui- 
ftf/'f lion an 1 Iho tirneU u-^ of tnr nng* a dangerous outbreak of 
pin's mo'h I.-} Veil jii,.h itnjfO ible Again the universal «*enliza 
lion of lb' ff'd-cotn of cereals l^fore 'owing has done much to 
fit'nnmaic srnut-dL'f>a'c In th® ca^e of the Dodder-disease, 
mufh can f done for its irc^ention bv the careful purification 
of do\fr ff-f-d- 

\N f shall crm'iiler the methods for couibating parasitic fungi 
uri'hr the following head.' 

I ’Mctbo'ls for ext*>rmination and removal of the jiarasitic 
fungi alon** 

(1) Killing of fun.n attached to seed through 'tenlization by 
means of hot water or cojjper ®*eep-mixtures 

(2) Combating leaf frefjuenting fungi bT du'ting or 'praying 
with mixtures containing 'ulphnr or copper 

(3) > xci'ion and extermination of the 'porophores of Polyporeae 
anl A^.'incini on orchard or garden trees 
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(4) rcmo\nl nml df^tniction of clou! of c^rr^^ng 

HKirocarji^ or otlicr lnl*cnntm{; of nnj fiingii’i 

II Mcllicxl* for coniJ nlnijj fuiif.i lt> rcmo\nl of (h'l »«e<l 
or phnt-or^ji* 

(1) IJcmoN'il of tho jnrt's of n lio*.i jthnl InrlKiuniij: fun^i 

(2) of lljc vhole or pirt of a complctnciitin ho«t 

of a hctcroociou<* f»inj;i'» for the ptirpo'c of t!ie other 

host or ho«l5 

III Tlic asojtinnce or reinoxnl of cotKlitJons wliicli fisour 
infection 

(1) l’rc\enti\e mci^ures n^«n«t wound infLCtion , antiseptic 
and a«cptie wound trcaliuenl 

(2) A^old^nco of localities faxoimblc to disease. 

(3) Axoidincc of the massing togctlier of plants of the same 
species and lihc age, rotation of crops on the some cultixated 
area. 

(4) Aaoidance of neighbourhocKl of those plants xxhich are 
hosts of the same hetcroccious fungus 

IV Selection and cultixation of xaneties and species of 
cultixated plants least liable to tlic attacks of parasites 

I Extennioatioa aad removal of the paiasiUc fuo^i alone 

(1) That the seed be clean and free from the spores of 
parasitic fungi is a most essential condition The puritj of 
seed IS inxestigated in seed control stations* where special 
attention is paid to punt) of seeds {(■(/ cloxer from its 
liabilit) to contain seeds of the parasitic Dodder) and to thtir 
freedom from spores of smut or other fungi 

As a preventixe against smut cspeciallj those forms due 
to species of UstjJii^jueae stcnliration of the seed is adopted ® 
This IS chieflj carried out bj the use of steeps which kill 
the smut spores adherent to the seed The composition of the 
steep liquid and the duration of immersion are the points to be 
attended to and for those vanous recipes are extant Decentlj 

•State ailed stations of tils kind are fairlj numerous in Germanj France 
an! other continental countries also in America It is thus somewhat remark 
a1 le that in Britain tl is important work receites no state recognition but is 
left in tl e 1 ands of more or less expenencel analysts or others (Fdit ) 

•Swingle W F Gram smuts anl tl eir pre\ention itarbool of 
U S Dejt of Agnculturt 1894 A \er 3 useful sutnmarj (Edit ) 

F 
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\t Ins been pointed out tint the dificrent species of UstiUnjo 
ln\e difftrcnt i) 0 \\ers of resistmcc ami must be In ittd 
accordmgl} It lias been fouml from CNpcneiice tint when 
trustnortb} and teslid steeps arc in gtnenl me in nii) neip.h- 
bourhood, tbe diseases of crops caused b} Ustilngineac gndunll} 
disippcar This is due to the fact that tbe smiit-fungi frerpunt 
pnncipallj the ciiltuatcd cereals, vhilc tlic} nre comp iratiielj 
nie on the wild grasses from which ns in tlic case of ' rmts’ 
tlu} might make then waj to the cultivated forms 

Stcrih'nUon hy Cop^Hr Sidphatc 
The steep winch is in most general use is that first recoin 
mended bj Kuhn* m 1808 It consists of n 4 per cent 
solution of copper sulphate prepared ns follows 1 lb crushed 
commercul sulphate of copper (blue \itnol or bliiestone) is 
dis<8ol\cd in hot w Ucr and added to 22 gallons of wnter Ihc 
seed IS poured into the steep and allowed to Rtnml covered 
with the liquid for a night (twelve to si\toen hours) llie 
seed IS then taken out and allowed to chip An improvcuicnt 
on this method consists m running ofl the copper sulphate 
liquor and adding milk of liiuc (prepared b} soaking 1 lb 
good lime in 4 gallons of water) nfter stirring for about five 
minutes again run off tbe liquor and allow the gram to dnp 
If sown b) hand the seed inav V»e used m a few hours if 
b) iniclime it must drj for twciitj four hours 


SlcixUzahon ly Hit a(cr 

lensGub method for treatment of seed grain bj hot water, 
consists in placing the seed for a eortnm tune m watei at u 
temperature winch docs not iniure the g,nin^ but is suflicieut to 
kill anj adherent smut spores This takes place m fi\e minutes 
in watei at 132® T (53® C) but the geimmating power of 
the gram will not be injured though it remains a quarter of 
an hom Tlie immersion is earned out bj placing the seed in 
a vessel easilj permeable bj water, a bushel basket lined with 
coarse canvas serves verj well A convenient qunntitj of seed 

‘Julius Kuhn, X) e Arn? rf Kt Itunjeu lei k 1858 p SC Numerous 

articles on this subject Lave from time to time tvppcareil in tie ncneultural 
Jonrn ils ami Bulletins 
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to Iniulk jn •■ucli i 1 xtonM l>c t full Inlf 1 iu«Ir1 TIjo 
hot continicxf in lv\o Hrj^t l>oi\cr* tlio 1ml nl a 

jikk 1( ntc Uni|'(ntim pcnnij. !o «il tlic ^nin «oiiie\\lnl nml 
to prciciil cooling of tlic of the sccmul Itoilcr winch 

tini«l K nninmiRtl between 1'’0 h to ] M I A lower 
tcmpcnlnri. wjll not cn‘>are tlcitli of nil «i»orc'» n higher will 
injure the "min Tlie jmiin is iiuiii»r«cl n few minutes in the 
fir«t boiler then j heed m the / r Jiftrni being 

ine'inwhile frequentU “ihiken to en‘*urc ct)ni| h tc Jitirilizstion 
Ne\t the I 'v«ket anil it<« contents nre cooled in cold witcr and 
the gmm •spri'iil out to dr\ * 

Till, iinjwrt'iiit ]xiint in the njiplieition of tin ''C inctliods is 
their ^eneml nnd ‘'unullineous u«e ihroUphout i whole district 

tor *!mut di''Cases the rtinoi'il of diseased plants is at the 
same tunc i pre\enti\e and a combatne measure Tins is 
not difficult whore the plant is large or the disease conspicuous 
as with the maize smut the disca«c<l jdants can then be rc 
moved and burnt before the smut spores arc shed If the smut 
IS not ver) prevalent it is po siblc to keep it m check bj 
removal of diseased specimens on such crops as maize barlej 
wheat and oats This treatment can also be applied to some 
garden smuts like that on violets 

Ilrofeld lecommends ns a preventive measure the avoidance 
of the use of fresh farmjard manure Smut spores from m 
fectod ha) or sinw which finds its vra) to the manure heap 
geiniinate there and inullipl) ) east like giving rise to conuha 
winch on exhaustion of nutrition give rise to germ tubes 
capable of infecting seedling plants The spores are capable of 
germination even after being eaten "ith the fodder and p.issing 
through the digestive canal of animals In this connection 
Professor TVolln) carried out the following experiment at my 
instigation three fields situated at some distance from each 
other were sown with maize which I had mixed with living 
spores of Ustilago maydi$ collected the previous autumn One 
field was left umnanured the second received old farm)ard 
manure the third fresh All plants in the first plot grew up 
healthy, two of the second were diseased and eleven of the 
third The summer being a clrv one the number of diseased 

•In the literature iss led from the Unite 1 States Lxpenniental Stations 
other steeps aregwen with results (Lilt) 
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jilmt- 1*1 ‘■nulltr llnu U'*u\l Tlu' imuumiU fnitn «mtit wiih 
oil! lu miiri- prnl \l)l\ i xjiIiciMt* on ttu* *» tint in 

it tlio kunl of mitnini.nt for tlio •'iiuil-aimtin !•< cx- 

hiU'tcd '“o lint 'll!) whuli iiii} «prmit, dio off. 

It mu>t ho\vi\ir I'o hon? ob-'trNihl lint ihi «jKiru^ of «onu' 
'spcCiC" «if '•mut tuiu’i <*■'/ TiUitxi, tliL **tinkin.: briii'l of Nslait) 
do not ^(.rinunti «hn.'Lth m luimm, but ib *0 iii wnlor ii'ilj. 
The epore-' oi m 't ire luliptnl to i lou4 winter ro't 

( 2 ) <Hlur «h'-i 1' •« ire fought iml preitulul from «preitlnu 
b\ the .1111*11 • \i. rimiatnm «if tin fiiniju- or il-^ npn^luclue 
or^in-. wluh in lull iLli\it\ .n the ^owm^ lio-t j»Htit bor 
thi' piir^K'-'i Fuiu'ui.Il'. ore U'lhj tuhor la jHiwitor* or ••olulioii'* 
apphcil t.» .h''. ivni pliut'< Tift n i^. nts are tniplojcl vruli 
most q.iphUK funji where the mjroliuiii is 

fiiU\ iNjKivul on llu Mirfue of tiu hosj 

The 1 rN'siplu n ire' .letnrilU tn Ue.l in this nniiner, esjtocnU) 
the p.iw.hri iiiillevi t.f the \ine \ihiltiiin 7 *if/rri or f’inriib 
spinr/nt Ihis Mile \viri^iti Is ..inlit.d \'\ ihalui.; from lime 
to luiio with dn |xw.let\'.l <ulpUur or llower^ of «iil}»hur Thu 
sulphur uiu I'e sinipU shikm from a im with jvrfontt'il ltd, 
or it mij lo blown on bi 1 «pri\er pniMd.d with i Kdlows, 
or diistid on li\ a sulphur bni'h eouMstin^ of ri hollow hiiulle 
tilUsl with sulphur whuh distnlniios the j'Hiwdir throimh fine 
lurforiuotis m ii^ end i>» i tv's^l of tuie bri^tU*' In n ^miihr 
iinmier uai lu treUeM the' |H>wdm inil.kw-i of hop, rose', 
IMeh npruMt apple's ete cius.mI l.\ Irisipheie 

biiiMiude-s are il'O us.'el i.runn fuii’i with cndoplulic 
mieelii. The l’erono^l'^*^^ ic e uiso mjuri to ijuite a linxe' 
nmubor of cultii ite\l phnts md luui} ine'theKls of tre'itmeiit 
ha\o hoeii eniplojed .i-nun them The nnceliiun liiea inside 
the host*pHnl e'l'eeiill} m Us h wts a^d emlj the' conuliophores 
nuke their ippeimiet extcnnlU Pusium with sulphur or 
‘"pt nin.; With pre'i\irition'« of copjMjr lus on this aecvnint little 
elleet on the' uuceliiim, but will kill the conuliophores, while 
■\n> conidu or cniapores which um almht on the le tie's, will 
be pn'Miitcd fwni gonmnitui’ Tlie nnvst «’inenl forms of 
fmuieules ire \in.nis prepintions of cipjxr. of winch the 
following are «ouie of the more luniottant ^ 


*C nsitfnl!.' liWrti Iv 
acTsninl \i\» 1.WU c\tcnUsl 


l>c>cn t&Vin lire ^ith tlie on^riAl The RHtlior # 
»Uh the uSM^tmoe of the Jcumnl .jr J/vC'/ jy >in t 
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Bordeaux Mixture or HouiIIk Ikmlchi'e n J lo 4 j>cr cctit 
«olutinn of cojij'or PulpKitc niid hnic It i"* j'rcj)Trc«l l'\ 
«olving G 11'^ of cojijior Milplntc in unrni lUu! |ihcint' 

this niitttire in a Inrrcl cainMc of IioIditiR nl>oijt 44 pillons , 
lu nnolhcr \c'‘sccl 4 ll>‘» of frc«h burnt limo and lu^kc it 

UJ 1 to n crcani) uliitcua«ih with water, stnni the lime through 
coir'c catiras into the barrel of coj)j*er sulphate ‘'ohilinn fill 
up with water, stir ihormylih, nml the inirtun is read} for 
u«c. This mixture iiiaj Ik. usckI cither inon, coiicenlmtcd, or 
somewhat diluted 

Ammomacal Solution of Copper Carbonate This ma} be 
prcparcfl dircctl} bj di'sohm^ o or of copper carbonnle iii 
enough water to form a thick paste, dissolve this paste in 
three pints of strong aqua nmnioiiia (or ns much as ma} bo 
necessary to effect complete solution) then dilute to 45 gallons 
If copper carbonate cannot lie obtaineil make it bj mixing (n) 
3 lbs of copper sulphate m 2 gallons of hot water (5) M lbs 
washing soda m I gallon hot water, mix (o) and (i) add 
water up to 10 gallons stir up and allow to settle pour off 
the clear liquid, fill up again with water and allow to settle, 
on again pouring off the clear water a greenish sediment of 
copper carbonate remains This dissolved in as mucli aqua 
ammonia as necessary ina> be Kept till required when it is to 
be diluted at the rate of 1 pint to 2 gallons of water 

Eau Celeste Dissolve 2 lbs of copper sulphate in about 
8 gallons of water, when compIctcl> dissolved add 3 pints of 
strong aqua ammonn and dilute to 45 gallons This maj be 
used in a modified form 

Fungicides like these are usetl chieflj against attacks of vine 
mildew (Perono^pora xiUcola) potato disease {Phptophthora %n 
fatans) and Peronosporeae gcnerallj also for numerous other 
leaf diseases caused by various fungi What tin. results of any 
given experiment maj be is as yet difficult to say till more is 
known of the effects of the reagents the strength of the mix 
ture to be used the kind of plant and its stage of development 
and other factors dependent on climate The efficacy of a 
fungicide lies less m its effects on the fungi actually present 

otl er American literature not the least important being Bor leaux Xlut ire as 
ahungicile lyD C Fairchild US Amer Bulletin No b 1894 In this 
connection reference may nlso be male to F t. LoJemanns account of the 

Sprajing of Plants (Macmillan 1S96) (Ldit ) 
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ftnd causing di^cn^L thnn on its c^pacit) l<i kill vports winch 
light on the leif or to Jne^ent their <lc^elolmlent to n ihn^ciou*^ 
extent On thi-^ ncoount crops Inhle to ainck ‘•honld ht du«te<l 
or siiucd 111 nih spring nnd tit intciinls thtreifier ns loiu 
ns there is niu risk of di'^en^i U^^ed in this W‘i> fun^icidis 
soon rejnN theiu'ches in inert •i«eil snhl of he'^lth^ produce, 
on the OIK Iniul tlic\ hinder the deitlopiunt of the fiin^iK 
on the otliei Innd tlu 3 net lilt tiiiti«tjtic wound tre itnient in 
prcNcntmg infettion ^\ hit jirt the copper tonijonnds phi 
15 15 jet not cuiupletoh e5tihhshcd , Ikunnii ' coii'uler! ihii 
the} ire not nciuilh nh5oibe<l b\ the plant hnt onh gut rue 
to sonic electiicil cllect 

rile icUinti^^e to be giined fitni the vuc of fnngicidi& im\ 
be ,,reiil\ incici5ed if ill duelled phiits or portu n^ (f theiu 
le Kmo\cd before the roincdx is ipphcd I’reciutions imi«t 
niso bo tikcn igiin5t reip|Kinntc of the di^eise In the ciec 
of infected foicuig bo\c5 fnine5 or gin's hou'C' disinfection 
bj some ol the ibo\e tungicules is ctitiinU id\i able Lei>C!» 
on other phnt rcnnins coiitiiiun" resting sj ores ot the fungus 
should bo burnt nnd «oil contnining duensod iinteiiil should 
bo witered with i fungicidal solution which will kill the luncus 
while it does no hirm to the leixes or roots of phnts liinlU 
ft lotition of crops of is lone n dunlion ns possible will do 
much to 1 cep epidemic fungoid diseases in cheek 

(3) Frequentlj the riMces of i piiisite cm be consulervbh 
redueed lUhough not completch stopped bi destroiing its 
rcproductue organs Jlethoils of this kind ire pirticularlj 
useful in the case of the PoUpoieic which inhibit the wood of 
miiu fruit trees The excision of the sporophores luu t be 
earned out once or twice a jeii beciuse the uucehmn reniams 
alue mside the stems nnd continuilK gues oft new sporophores 
on the siufice The diseased tree lues on and pioduces fruit 
for nnnj reirs mijbe till the wood of its stem becomes so 
much decijed that death ensues iungi of this faimlj ire 
e\en moie dostiuctue on those trees which ire cultuited not 
for their fruit alone but also for timber aj olui. sweet chest 
nut and hazel 

(4) Bj the remoMl and destmctiou of dead plants or portions 
of phnts containing reproductuc or lubenntmg orgms of pin 

*C Runim litnchte d dettrh bola) 1S01 
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^jtL« inucli inn} Ik? done to pliortcn tlic c\i‘t<'ncc of n discnoc 
nml to prevent it® ronpjK'nrnncc iii the ft»lIo\\ing ‘pnnj; 

1-un^n wliicli rcncli nntunt} on fnllcn linvcK nre cn«ih com* 
Uitcil in llu'« vn\ linrtv pm** n “inkitu’ e\nnii»lc <if the 
«uccc'S of tins imn'nn In flic («nnlcn n Inr^c pnrk 

in Munich tlic lenvi « arc cnnfulh rciiioxeil at frequent intennls 
n« lilt} fnll, nnd utilirctl ^Inldc-K-thlinf,' , litre PJ ytx^ma 
or nur/m the Mick 'pot of tin* 8}cntnore Icif in hmllv known 
wherens in the pnrk at X}iiiphtnhurp: and in other i>lnc»s 
round Munich where the Knves nn. allowed to nmun l}nv' 
the lenf*«jK)t is vtr} common Rhyti^mn mUnumn cm ht 
tr»nted in the sninc w i\ m o«ier mirsintn In plum orchards 
P rulnnn nin\ be held coinplttth in check b} rtinoval 

of fnlloii lc.i\cs So nUo the numerous mildews (lr}Riphtne) 
of our cultnnted plants Cherr} Icixts killed hv 
(} ythn ^toino remain hanpng on the trees but tht disiaso Ins 
almost disappeared Ritice the practice of removing and dostro}ing 
these was intrcKlucod m ganlcns like lln)«t of the AUcnland 
onto complelel} devastated bv this |ansuc 

The progrc'^s of the disease cau«ed bv ^.cetria cunialminn is 
reduced if the branches which die during the summer be at 
once removed and burnt before tlie red fructifving patches 
appear It would also be advisable to burn in the nnlumn 
other dr} brushwood since it frequentlv contains I^tctnn and 
other wound fungi and if left over winter oiilj servos as a 
luirser} and source of infection for all neighbouring trees In 
a similar wa} should be treated branches infected with spoio 
carps of Cucurhiiaj la laltirni and such like fungi 

Immediate remoial burning or bui}uig ot }oung trots 
attacked b} Phytophthoia otnmioia is of advantage in prevent 
mg the distribution of the fungus bj conidia and swarm spores 
rfrtrrng summer rfs hiftemiCion m tfenf tesues anci’ its contimietf 
distribution in the following spring The hibernating oospores 
of man} other lower fungi ina} be similar!} got nd of bj 
destruction of the plant remains inhabited by them 

II Remoral and destruction of diseased plants or portions of these 

(1) The removal of 6}mbiotic organs comes lieie particular!} 
into notice Amongst these are the vritches brooms whicli 
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li\c for }eirs on their ho-t ikmin^ nutriment from them; 
the) ftUo* are tletnmental to fnut trees l>ccau«e they boar 
neither flower or fruit, ami on «ome timUr trees tlic> «o 
Jeforui the 'terns a*? to con'ulerrbU rotluce their \aluc. Tlic 
Witches’ broom' of the cheny or llie pUim grow into lapjie 
infertile bu«>he'. of striking appearince, «o that they may be 
easiU ilctecttd aiul rcmoietl m milumn or 'pring; tho'c on 
hornbeam, birch ind abler arc of Ic"' practical importance, 
but shouUl be cut ofl \\here\cr acce"ible. 

Great danngL is cau'cil b\ the witches* broom (.lerufuiM 
<l(itiniun) of the 'iKcr hr m protUicini; canker 'pot' which 
lui} 111 some ci'i.,, iviiam giianiic dimeii'tons ami thereby 
much reduce the \.alue of the tunl*er or majbe render it quite 
\aluele". The cankered sp,-itsarc in addition, frequontU ntLickeil 
b) wound para'ites whorelw the suin is wcakencnl and breaks 
o\er at the ciuker, cau'iiu brcKhcs m Inch forest, which can- 
not be rehUed The wuches bn-^mi' should then.fore, as fir as 
accessible, be cut off while «tiU >oun’ .and all cankereti trees 
'hould be removed at the first thinmtu 

The remo\ il of twig' of plum bearin': the 'o-c.illet .1 “ pocket- 
plums or “fools ’ la al'o to be rccommemled, becau'o the in^- 
cehum of the fungi cau'ing the«e hil*ernatea in them Kose-twigs 
aflected by ro'e-imldew 'hould aho l»e cut 

away as soon a' po"iblc. Imfore man\ plains have fallen victim' 
Portion' thus removed are both worthle<s and daugerou', hence 
should be dc'troved So also all trees rottoil bv fungi should 
be removed from their healthv neichliours, and, if possible, 
burnt or buned, or othcrv\i'e rcndcrcil liarmle's 

This forms a convenient place to cou'ulcr generally the 
wood destroying wound parasites of our timber-producing 

The wood-destroying wound-pari'itcs belong chiefly to the 
families of the Poljqxircao and Agaricmi, and eich jx)"esse* a 
mode of life and method of dc'troving it' ho't, so similar to 
that of its relatives, that it is quite impoasible to consider them 
separatelj m a practical wav. Tliey are enemies of our fruit 
orclnrd', our parks, and our forests, and the means to be em- 
ploveil against them v.ines m the handa of the fruit-grower, the 
ganleiier, or the forester 

h-very fruit-tree, whether grown in a ganlen, an orchard, or 
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on n rrnilsiilc ns in ^oinc conntnc, i« nn oliji*cl of pticli xsliic 
lint, if need l*e, covlh huIIumIs cm U* tnipl<i}cd on its Iwlnlf 
Its linnclies inu<t l*c kept free of nil inlnnler* like the 
mistletoe, uitclns* hntnuis ino«scs fliii! lichens, nnd nl>oM> nil, 
from the pjKirophon s s\hich inclicite the presence of n wchxI 
dcstnnin" fungus This is nil the inoiv nsj Itocansc the trees 
nre frcqncnth clnscl) t\miiiie<I for prnnitij;, for crop or for 
insect nttneks. The pporophores of fungi on stenis nml hmnchis 
should, ns nlrcsd} indicntcil, be carl} nml cnnfull} cut out the 
wound ecnpeil nnd tirrcd oxtr* In this wn} the fungus will 
he dcpnxctl of its p|>orophores nnd the s^fets of other trees 
ensured, although it mu«t Im? rcineinhcred tint the mycelium 
still continues to destroy the wood nnd probiblx to produce 
new sporopbores. If the sporophorcs npjxnr on weak bninches 
these would best be coinplctelj cut ofl nnd the cut end tarred 
oxer Trees although diseased nnd requiring nimnnll} to haxc 
sporophores cut out should still he sinrcd, ns tlic) often continue 
to hxe and jield hcaxil^ for )eirs Amongst the sporophores 
which appear frcqucntlj on fruit-trees arc those of Polifpnms 
lynuinus, i* fuhus, P P sulphnrnts, P biuamosu$, 

P spnmcns, llydnxim Schicdcrmnxjn, and others to be nioro closclj 
considered in the si>ccnl part of this work 

Particular attention of this kind is of course more difiieult 
for the park-gardener, liccause his trees nre higher and stand 
closer together The trees are, hoxxextr.of less xaluc indixidually 
than fruit trees It is adxisahle, as far ns possible, to keep the 
trees clean, to tar all xvounils nnd to remoxe poorlj dex eloped 
branches and stems 

To the forester in high forest all this is however, a matter 
of dilBcuUj The trees nre lugh, the forest large, and the 
individual trees of a value xxhich does not allow of costl) 
lahowt \jeing c\pein\ex\ on them \et there is one forest 
operation in winch a plantation luaj at small cost be easily 
cleared of diseased stems This is the repeated process of 
thinning, dunng which all diseased and backward trees sliould 
be felled In forests of high value xvith high priced timber 
and near towns or centres of industry, this cleaning out is, of 
course, easy, but in remote forests with a small working stafT, 

* The sporophores cannot be remosed too >oung , the Mounds protluced should 
be treated m ith tar , see bection in , p 77 
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deficient modes of coin evince and a. snnll tlennnd for the 
thinned out material tins maj appear impracticable I filiall 
gi\e one example lion the number of fungus sponges (as 
the sporophores aic called) decrease with enclosure and intro 
duction of proper forest management * IhschofUreut is a forest 
m Ba\ana near the Ilohcmmn frontier conoistmg of mixed 
spruce and fir up t four hundred leirs and 1 ccch up to 
two hundred lorl) \cars a^o tlie sporophores of ]\hjporu^ 
/omcntnrvt s the Under fungus were uumerous and large that 
for their collection foi in inufictiire of caps glo\cs tinder, etc 
a «!um of one hundred guldtii (£8 10s Od) was paid annually 
as rental Ten }ears a^o the same brou^jlit m a rcienue of 
tweUe shillings to da} it is free In course of time the 
diseased stems ha^e been giadiialli felled tnd less wood Ins 
been allowed to remain Ijin^ m the forest to dcca\ , ns a 
result the wood destiojing fuugi ha\t noss but little foothold 
A mixed damp Mfein forest is cspceiall) faxounble for the life 
and distribution of fungi of this kind* All fdlen wood remains 
Ijing while injuries from storm atford eas) sjiots for infection 
In Bischoffsrgut eiolitccu per cent of the felled heas} wood 
was at one time useless and rotten 

(2) It IS often possible to aieit dneascs of xaluable cultivated 
plants caused b) heteroecious fungi b) keepin^ the supplemcn* 
tary host at a distance or if the disease Ins alreadv broken 
out to remove it altogether with the view of keeping the 
more useful host free from the dreaded disease 

Tlie best example of this is presented b} the heteroecious 
rust fungus Gijnno'ipoiangn vi 'iabinae One host frequents 
Jinx2Jcnb snhxna (sixm) the other damages pear trees causine: 
in the case of a severe attack considerable loss It would thus 
be eas} to extetnunate pear rust b) removing the not verj 
decorative savm bush Particularly in nurseries it would be 
well to avoid placing pear trees near the savin an arrangement 
ver} suitable for cultivating the Gymnosporanjxnm 

As another example we maj take Mclampsoia tumxdac 
frequenting the aspen the supplementarj host of (n) Cacoma 
pimtoiqium (the pine twister) and (6) Cacoma laricxs (latch 

’\ Tubeuf Mittheilung «b einice Fein le tl V\ alles Alien Fomt i 
Jaqd nt g 1887 

Tul e if V egetationsl liter ats l I oehmischen Urwalde Oe^terre ch, 
Forit t t n 18D0 p 103 with six figures 
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ncotllc Tlic c\chi<ion of tin* n*|cii from lln ijeij:hl>o»r 

liootl of jmio i^hnl-Mioiis ih ns n inniis of liimlmj: 

the ]incMlisc»ec nml »s now l*cin^ rccommcjulcd in forc«tr} 
Slill anollior txamplt is 7‘iorinir tlic nisi of 

wheal nml its Afcuivnn on tlic hnrKrr) This is m nil 
lirohnliht), nllc to rc]iroii«cc it'ilf Is meins of nrc(Io«jKrcs on 
wild ^msscs nml t« rtlnin ils {tosUion wuhnut ihc Inrlirn }tt 
the hitcr doul llc*s lends lo di<tnhntc iho tli'tnse nnd its 
remosnl miniimscs iIr nshs of nttnek 

j\n mscstigniion of the Inlcroccions rust fiin^i will cn«il\ 

fimnsli nnn\ examples of ilie pniiic kind nml Icnil to the con 

elusion tint 7i»j/orhn rv/viri<^in for cvaniple shonld Ic 
e\teriimnto<l near fields of | cas or other Ix'frunnnosac hccause 
of Lr layers ;n SI and U *trtitu^ 


in Avoidance or removal of cooditioos which favour mfeetten 


Ynnous examples of this liaxc nlread} been gi\tn when 
the conditions disposing plants to disease were under considera- 
tion in our last eh iptcr 

(1) The most important mcisiires of tins class are those 
directed against infection through wounds This nn> be 
attained bj aiotding anj unnccessar) wounding of wood) plants 
and the immediate treatment of an) wounds rendered nccossar) 
m pruning or other operations 

"W hen the stems of wooil) plants are injured the first step 
tow irds lieahng the wound proceeds from the tree itself 
Conifers containing resin have in it a xer) read) agent im 
medntel) axailable the rtsin escapes from its ducts and soon 
hardens into a cnist on exposure to air In the case of non 
resinous conifers and of broad leixed trees the first steps 
towaids healing are less obxious but it has been found that a 
healing tissue immediatel) begins to form on wounded surfaces^ 
It consists of a parencli)mi the formation of which is induced 
apparently b) atmospheric air penetrating into the wood and 
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(leficiLtit modes of com e\ nice, and i siniill dciunnd for tlio 
thinned out nntornl this nn} appear inipnclicablc I fhall 
gi\e one example hon the iiumKr of “ fu:i^i« spongo-* ' (as 
the sporophorts arc called) dccrcise nilh enclosure and intro 
duction of proper forest management * Ihschoff rent is a forest 
in I’waria near the Iloheniian frontier, consisting of mixed 
spiuce and fir up to four htindresl stars and beech up to 
tno bun Ired horti \ears n^o the sj>orophores of 
/omenta) iir<i the tinder fun_ii5 were so numerous and large that 
for their collection for miimficturt of cap-, glos cs, tinder, etc, 
a sum of tnc hundred p.ulden (£S 10s Od) ssas paid nnnualli 
as lental Ten lears u^o the same brought in a reaenue of 
tnel\e shillings to daj it is free In course of time the 
diseased stems ha\e been ^radinlU felled and Ic s wootl has 
leen allo^\ed to remain hing m the forest to deca\ , os a 
result the v\ood do'*tro\ mg fungi ha\e now but little foothold 
A mixed damp \ir^m forest is esiKcmll) fuounble for the life 
and distnhution of fungi of this kind* All f illcn wood remains 
Ijmg while iniurios from storm aflord eas) spots for infection 
In Ihschonsrcut eighteen p^r cent of the felled hca\j wood 
was at 0110 time useless and rotten 

(-) It IS often po Slide to aacit di cases of xaluable cultl^ated 
plants caused In heteroccious fungi b) keeping the siipplemcn 
tar\ host at a dt^t^nce or if the disease has alread\ broken 
out to romoiG it altogether with the mow of keeping the 
more useful host free from the dreaded disease 

The best example of this is jire enled b\ the heteroecious 
rust fungus Gijjnno jmanjitm ^Unae One ho>,t frequents 
t nijKri \ fabinn (suni) the other damages pear trees causing, 
m the case of a «;eiere attack considerable loss It ^\ould thus 
be easa to exterminate pear rust by rcmoaing the not aerj 
dccoiatne saain bush rarticulurly in nursenes it would be 
well to aa oid placing pear trees near tbe s^mh nn armngement 
Ner\ suitabk for cultl^n^mg the Gymim 2 H>ratu,nim 

As another example we nm take l/f/amj-som Oemnhe 
frequenting the aspen the supplementary host of (a) Cacoma 
pinito)q)„m (the pure twister) and (6) duoma lariat (larch 
""'ge Femle .1 Malles AUtn Fo, t ^ 
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noollc rn‘'t) Tlip c\rln«»on cf tin n«]'cn fmjn ilip iici^hlHuir- 

IjotkI of jono i** ni!M»tMc n innni of Iniutin^; 

tlic )'nip-<h‘^ci‘-p 'ind i' non 1*0111^ rccniiuncjulcd in forcoln 
Still anotlirr fxitnjdo /*i'orinm //rnminM t!ic ni^t of 
wlicil nnil Its on tin* Inrln-iTj. Tins i« jn nil 

Iirolnhlitj, nlOc to rri>r{*'hicc it««lf I.s incins of urcclo'>jK)ns on 
wild pns«cs nnd to rctnin Us ]>o«itioti williout iho Inrlurn, )ii 
llip Htler donlillc*s i<nds to di<tnliti(c the disn«p, nml its 
irmoNsl niiniiiu'^cs iIjp n«ks of nitnck 

An inNcsti"itinn of the In tcroccioiis nist-ftnv’i will en«ih 
fnmidi ni'iii} pxunphs of the ^nniL kind, nnd lend to iht con- 
clusion lint Ktipforfin rv/wnsont, for CNaniplc, slionld Ikj 
cxtemmnlcd insr fields <f jx-is or other I,i^nniinosic heenusp 
of ;Mfj, nnd U ^tnnlu* 


HI Avoidance or removal of conditioos which favour infection 

Vnnotn CNninnks of this liu\c nlmil) been gntn when 
the conditions <lis)>osini 4 jihnls to disease were under consulcn* 
tion in our lost eh ijittr 

(1) Tlie most nni>orlnnt incisures of this class nre those 
directed ngmist infection throu,'h wounds This inn\ be 
attained b) nsoidui^ nn} miiietcss.ir\ woundiny of wood} plants, 
and the immediate treatment of nii} wounds rendered necossar} 
in pninni" or other operations 

"When the steins of wood} plants are injured the first step 
towards healing the wound proceeds from the tree itself 
Conifers containing resin have in it a %er} read} agent im 
mediate!} aaailable the rtsin escapes from its ducts and soon 
hardens into a crust on exposure to air In the case of non 
resinous conifers and of broad leiaed trees, the first steps 
towards healing arc less obvious but it has been found tliat a 
healing tissue immediatel} begins to form on wounded surfaces^ 
It consists of a parench}ma the formation of which is induced 
apparentl} b} atmospheric air penetrating into the wood and 
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Its object probably is to restore the same condition of gaseous 
pressure inside the tree as existed pre\ious to the injury. A 
number of wood) plants, for example, Jiohima and Quercus, 
which normally i^orm tyloses in their heart-ivood or sap-wood, 
do the same on wounded surfaces, and thereby stop up all 
the cut vessels* 

The formation of t) loses is due to sac-like ingrowths into the 
vessels from adjoining parenchjma, and can only take place 
where rapid growth of the closing membrane of pits or the thin 
portions of the wall of annular or spiral \essels occurs Tyloses- 
formation takes place in normal heart-wood, and also in the 
sap-wood of man) kinds of trees, except in the \ery youngest 
water-conducting ) ear-rings It also occurs in leaf-scars at the 
the time of normal defoliation- Species of trees in which 
t) loses are not normall) prcKluced m the heart-wood, but in 
which the vessels of that region become filled with resinous 
secretions, use these substances as healing agents in the case of 
leaf-fall or wounds to the wood For these reasons it is quite 
correct to designate these preliminary steps towards wound- 
closure as a pathogenic formation of duramen, and the tissue 
derived from the process as wound-duramen. Similarly a corky 
tissue — wound-cork — may be formed m consequence of wounds 
to the bark or as an accompamiuent of certain diseases. I 
haxe repeatedly observed that the normal duramen is preyed on 
for nutriment by many wound-parasites, and also that this 
wound-duramen is not sufficient to keep out germinating spores 
of the wound-parasites It cannot therefore be designated a 
protectu e wood, nor are the artificial methods of closing wounds 
so superfluous ns some would have us belie\e® 

Frank says “The use of all such artificial means of healing wounds 
IS thus only necessary in senons cases, in which, m consequence of delay 
in the healing process, decay would be lucTitable without some septate 
agent Smaller -wounds, and pvtticnlarly cut eurfaces of twigs or thinner 
branches, are, by the natural formation of protective wood accompanying 
eieiy wound of the wood, sufficiently protected foi the few years the 

* Mobsch, “ Zur Kenntmss <1 Thjllen,” d W%istnachafl, Tiewnfi, 188S ; 

Wider, Biolog Ctntraiblalt, 1893 

*Staby, “Ueber X-’erschluss d Blattnarben aach Abfall d Blatter,” Flcyra. 
18S6 

'*Prael, PringshnnCa Jahrhitch, 1888 
Temnie, Lan liEirthachaJll Jdkrlmeh, 1885 
Frank, Du Krttrtlheiltn d Pfianzeti^ 1894, p 163 



rrnrvTiM ash iT»MiiATn i vMstniv 


rrmain <]>rn till com|tHiftn <f cvyIimi h* If wc f llnwp<l 
till* 'icw, ll rii ntmirn It* *inii]| i>o Irfi ffrol* (la'll »• rnlmur*** 

for «o»n) 1 jwn»»itc« »ii 1 ix-non* «ohI | It i* jTi«t t'lr iiiiin* mi* 

umallrr vrnitl* {'<7 Hi •«* 1 n«<l«rrtl I ' Iiiil) winch hit tl r | rinairtl \ lif*** 
«f iiif<“Ction f r *|»ocirii cf .Nr/tn**, Curvri tana, JlviT\fnntn^<y('f, etc, in 
fact, tl form xcn coinimcnt | la«w wliciice a tn-c nin\ l«'r^*il\ infi'ctot! 
artificialh 

The follouing i*oints in rc^inl to trcitnient of hntithcH nnt 
be contenicntl} snriinnnzct! lioro Trees in closeil iihntntioiiH 
arc intunll) finppcil of tbcir bniiclns hj lhc«e il)ing in con* 
Ecfiuencc of deficient illunntntion , tlic} iJjcn brcik off, and 
llie short stumps arc ‘•oon occluded or grown over During 
tins i>roco‘‘s there is alwiji a nsk of infection b) fungi, and 
‘ snag pnming ’ * is einplovcd to shorten the iKriotl of occlusion 
ns much ns possible This at the s.imc time prevents the in- 
clusion of long bnncli stumps in the timber, and reduces tlic 
number of Knots in stun iKitrds feiicli dead snags or stumps 
are deficient in nutniivc initcmls and verj dr), so lint the) 
arc less suited for the entrance of wound fungi than wounds ou 
the living branch 

The usual process of forest piuiiiiig is neevssar) to produce 
clean boles, to increase the illumiiiation for undergrowth oi 
to utilize the branches so removed In the operation all 
branches should be cut ofl close to llit shaft no snags should 
be left nor must injur) be mfhctcil on ncighliourmg barK 
The operation is best earned out m autumn or winter when 
the bark is most adlierent to the v'ood occlusion then begins 
with the TLiievval of vegetative nctivit) in spimg and is well 
advanced b) the time the greatest dispersal of fungus spores takes 
place Infection b) fungi will, however, be rendered quite 
impo^-sible if wounds are imincdiatel) painted over with tar or 
in the case of smaller wounds on garden stock, with tree w i\ , 
these reagents if applied m winter will easil) penetrate into the 
vvood and even replace the formation of protective wound wood 
Ilartig sa)S on this subject * tarring produces sitisfactor) 
results only when pruning has been done in late autumn oi 
in winter, because it is onl) then that the tar is absorbed b) 
the surface of the wound It would appear that the absorption 
of tar is due parti) to the diminished amount of water in the 

» Trockeiustung * Hartig Di»eavi of Jrees Enghsli }• ht p 2o8 59 



7b 


IIl>\i'NTI\F \SD C0MPVT1\F M>ASUIUs 


wood (luniij, autumn and pirtlj to tlm consequent ne^'ativc 
pressure of air m the tree When pruniiij' is undertaken m 
spung or summer the tar altogether fails to enter the uood 
and the thin superhcial h)er does not present the cut surface 
from drjmg later and forming fissures into wlncli ^\^tcr and 
fungi raaj enter From whit has been ‘said it follows that 
dicotjledonous trees niaj be best pruned iii the months of 
October November and December — perhaps also in January 
and Februarj — and tb it a good coat of coal tar should 1 e at 
once applied to the wounds 

Conifers should also be pinned m autumn and winter for 
although the wounds resulting from lemoial of small branches 
With no heart wood arc soon protcctcrl b} an cvcretion of resin 
jet thicker branches witli heart wood winch secretes no resin 
must be tarred oier Similar precautions are ad\ liable to 
protect the stools of trees felled in order to produce coppice 
Wounds are produced on fruit trees bj rcmoial of branches bj 
pruning and grafting and again during the frmt Imnest Hail 
and wind are frequent sources of wounding Gnawing of the 
bark bj animals such as mice and other rodents nnj also occur 
Fed leer bj peeling off the baik arc a souicc of great 
damage in the forest In this waj spruce plantations inaj be 
so \ ecled and m consequence so subject to red rot that they 
have to be prematurelj felleil The trees which suffer most 
are those lil e spruce siUcr fr mouth pine and Douglas 
fir which remain for a considerable time smooth barked where is 
species with a rough bark are coniparatu el) safe the latter 
can also cover up an) wounded suifice by means of an excretion 
ot resin Conifers suffer most from peeling but the broad 
leaved trees are not quite exempt At certain seasons the deer 
rub the fur off the young antlers or knock off the old for 
this purpose they generall) choose jounger plants which in 
consequence of the injury frequentl) dry up Injur) b) deer 
IS more serious m summer than m winter because with the 
increased temperature and moisture the spores are able to 
convey infection quickly and easily 

Injuries similar to peeling b) deer are produced in gathering 
resin and in the process of testing the timber of conifers 
oth practices are however prohibited in well managed forestry 
an occur only as misdemeanours Eesin collecting of whatever 
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kind wlictlur fmm ejirnoo hrcli jnnc or llic "lUor fir ii(co«<»i- 
t^tes nmovil of ilic I irk niid imliHv cnttiii^ nilo the uoo<l 
Itself The c^n !e<l n«m find mkeil wood drv np in conr«c of 
lime find cnck iherch} nllowiiv llic fiitnncc of fniiKn" '^porc'* 
winch j^cnmnnlc in the !i«surcs of tin. isoo«l nnd leid to its 
<le«tmction 

The forests of spnicc nnd hr in Ri\im ftimi«h nlnillc 
wood cinfvblo for the tnimificluro of sidins nnd other music il 
instruinents Till rcccntlv the pncticc «ns first to sjht n test 
piece from the stindin^ tree t« ft*ccTtimi the clc-wnge of the 
stem. If the tost did not split true the tree ms left striding 
nnd wounded, such stems nitiimlK wtn soon nttneked hi fungi 
(I’ohporeac and Vgaricuu) and snecumUd to some storm 

The beech is frequenth injured m a somtulnt similar manner 
b) the woodmen who hew out large pieces of the stem to ol tain 
nutcrnl for wedges from the 'tr) tough occlusion tissue which 
IS nfteniards formed Stems so damaged soon fall a prej to 
PoJ}fporv3 fomentarxui. A\ omuls to the wood are also frequently 
produced during the felling of ne^hbonnng trees or ns a result 
of storms or by the action of woodpeckers ants nnd other 
enemies In short wounds are so common that the necessity 
of practical remedial measures for closing them as entrances 
for destructi'c parasites must be at once evident 

(2) Ixicalities should bo avoided which are known to pre 
dispose certain plants to disease Just ns one avoids cultivating 
tender plants in cold situations or planting our less hardy 
trees in places known to be liable to frost so ought we to 
avoid the cultivation of plants in localities which will render 
them more than usually liable to infection by fungi Thus the 
formation of spruce nursenes at considerable elevations has had 
to be abatidooed because it v.aa observed that they were there 
liable to complete destniction by Hcrpotnchxa mgra For 
similar reasons the hole planting of spruce in elevated situations 
must be avoided In moist localities nurseries of Douglas fir 
nnd otlier trees are in danger of attack from Botrytis, while 
close glass houses and hot beds are breeding places for many 
parasites which would at once die away with good ventilation 
(3) Tlie neighbourhood of plants which are supplemental 
hosts of the same heteroecious fungus should also be avoided 
(See also p 74 ) 
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(4) The innssiiig of iminbers of the siine species of plant 
to'^otiicr IS dangerous because it presents n faaournblc oppor 
tunita for tlie rapid spread of epidemic diseiscs On this 
account the smaller fields of small holdings tend to p^e^ent 
nil} epidemic from assuniing serious projiortions Still better 
IS a s}stem Mherc ns in Jvortherii Ital}, a feu rows of aines 
alternate with narrow stnps of Indian corn with gourds or 
melons on the ground below, and strips of grass or millet 
intervene litre and there 

■\^heie\u similai plants must bt cuUi\nted in close neigh 
bourhood o\er c\lensue nicas as m Mne culti\ation an} 
epidemic which nia} obtain a bold soon produces disastrous 
effects Our culti%ated foiest plants when occup}ing t\tLnsi\e 
areas are paiticulail} open to attacks of certain fungus diseases 
Thus Tines fioni Stjsfcrum jnim-tln Cneoma jnnitoiquim and 
I\tuiom%um ptni polo forests of pure spruce from Ihj Icnnm 
mni^oniorum all plantations of conifers from Tiamctcs tmh 
cipcnla and Agmxcm mrllcus the latter espcciall} if preceded 
b} beech loiest the stools and dead roots of whicli offer tlie 
Ajancus an opportunit} for cas} and abundant dovolopmont 

Tlie preaention of man} epidemic diseases is one of the 
advantages claimed b} Oo}er‘ m faioiir of natural regeneration 
and mixed plantations On exposed areas the pres ailing strong 
winds facilitate distribution of man} fungus spores while at 
the same time the} introduce the supplemental hosts of 
of hcteioecious fuDf,i (r^ aspen ragwort cow ben-} etc) which 
would be excluded iroin a closed permanent mixed forest natur 
ally legeneratcd Of course wc do not maintain tint under 
these conditions diseases are eiituel} absent because it is just 
on inturall} sow n beech seedlings in closed forests tint PI i/tojph 
ihom finds a habitat Similarl} Trieliosji} nnm on siher fir 
and other parasites are m closed forest proxided with that 
degree of atmospheric moisture which favours them In fact 
sex oral parasitic fungi exhibit adaptations to such conditions 
Diseases speal ing broadl} are less dangeious m mixed forest , 
tlie) never attain the same distribution and the} arc more 
easil} restricted where trees of different dispositions are groxxn 
together Thus the forests of Baxaria consist in the lower 
elevations of mixed beech silxer fir and spruce higher up 

Der Kaldbai 
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llii* bcccli I’ oinitli*<l, ntid in the more ilc' 'ted hpriir** 

nlonc phnted The fir alone nllacki‘<I h' /V<<-;/in ah'tiu't 
.Irrifivnn flnttnutn, hpluvhrvitum »Kri KcyiMf/m, Trirhotphnrrin 
the ^pnice, on the other htiid, Ins to 
lAtpliot^n mM'W «mrre<;)or»m, Vhry'^ftnynt o?;K/n, //rryv/nrAi/r 
luqra, while Intli nrc «uhjctt in }outh to J't^tiloizxn IIort»m, 
and hter to so\cml wood-deslnnm^ funp:i 

TIic '“tonur’ to/clliir of crop- hhe njijilc'-, potatoes, mnons 
turnips, etc, should he careful!) earned out, Tlic) should he 
handled as little as ]K)«siIde, and dec 1)1114 indniduals should he 
sought out, and destro\ed when |>ossil,lc, to sa'e the renninder. 


IV Selection of hardj vaneties 

An important method for the protection of plants from disease 
both from the prc'oiitue and remedial side, consists m tin 
selection and cultivation of \nnelics and sjiccics of plants able 
to resist the attacks of pirasitic fun^i 

It has alrcad) been mentioned that ilinircnl varictiLS and 
species show difierciit powers of resistance a^iinst cntinies As 
a further example, we have numerous American ”i*npc-Mnes 
which are not attacked b) down) mildew {Plnmojxm a xiUcoln) 
that dangerous eneni) of the Luropean vine of cultivation 
unt/ern) some Amcncaii vinos (it/ Vitfi iipniia) 
are proof against tlu ph)llo\cia, the root louse which attacks 
the roots of European vines and devastates the vino) aids ol 
the wine-producing countries while, on the other h md otliei 
American vanes are no more resistant than tlic European In 
fact it wis the importation of those vines into Europe for 
experimental cultivation winch brought us both ph)Ho\era and 
the dovvnv mildew The cultivation of such disease jiroof 
species would ensure us immunit) from the phjlloxera, if it 
were not that the wine from these vines has neitlier the qualit) 
nor the flavour possessed b) the European On this account 
tlie grafting of European vines on American stocks has been 
introduced, whereb) the roots reinam unattacked b) the 
ph)llo\era, and the grapes are of the approved standard Ver) 
good icsults have also been obtained from experiments in 
h)bndization of American and European vines with the object 
of obtaining roots from the American parent and grapes from 

F 
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(4) The in'xssing of mimbers of the S'\inc specits of plant 
together is dangerous because it presents a fa>ourablc oppor 
tunit\ for the rapid spread of epidemic di‘»eases On tins 
account the smaller fields of small holdings tend to prcicnt 
any epidemic from assuming senous proportions Still bettor 
IS a system nbere as in Northern Ital}, a few rows of Mnes 
alternate nith iiarron strips of Iiidiau corn nitli gourds or 
melons on the ground below, and strips of grass or inilkt 
intervene here and there 

■\Vliere\er similar plants must be cultivated in clo'^e neigb 
bourhood over extensive areas, as m vine cultivation, anj 
epidemic which luaj obtain a hold, ‘«oou produces disastrous 
effects Our cultivated forest plants when occupjing extensive 
areas are paiticuhilj open to attacks of certain fungus diseases 
Thus Pines fiom Ey‘ilcnum pim<u Cacovxa 2 nnxto}(jmm, and 
Pcrxdammvi pinx, polo forests of pure spruce from JTy4tnum 
inacio'iponm all plantations of conifers from Tiamctcs iad\ 
cipcida and Agaxicm mcllcus the latter espcciall) if preceded 
b) beech forest the stools and dead roots of which offer the 
Ayaucus an opportunit} for easj and abundant divelopment 

The prevention of manj epidemic diseases is one of the 
advantages chimed b) Gajer* in favour of natural regeneration 
and mixed plantations On exposed areas the prevailing strong 
winds facilitate distnbutiou of man) fungus spores while at 
the same time thej introduce the supplemental hosts of 
of heteioecious fungi {cy aspen, ragwort cowberr}, etc) which 
would be excluded from \ closed permanent mixed forest natur 
ally regenerated Of course wc do not maintain that under 
these conditions diseases are entnelj absent because it is just 
on inturallj sown beech seedlings in closed forests that Phytoph 
tlwia finds a habitat Similarlj Tt ichospl at;} la on silver fir 
and other parasites are m closed forest provided with that 
degree of atmospheric moisture which favours them In fact 
several parasitic fungi exhibit adaptations to such conditions 
Diseases speaking broadly, are less dangerous m mixed forest , 
they never attain the same distribution and they are more 
easilj restricted where trees of different dispositions are grown 
together Thus the forests of Havana consist, in the lower 
elevations of mixed beech silver fir and spruce , higher up 

'Qajer Her Waldbait 
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(4) The in'issing of numbers of the S'\nie species of phnt 
togetlier is dangerous because it presents a fa\ounble oppor 
tuTnt\ for the r'xpul spread of epidemic diseases On this 
account the siinller fields of siinll holdings tend to prcient 
an} epidemic from assuming senous proportions Still better 
IS a sjstem where as in Northern Itilj, a fen rows of \ines 
alternate with iiarron strips of Indian corn with gourds or 
melons on the ground below, and strips of grr^s or millet 
intenene hero and there 

■\Vhere\ei siniihr plants must be cultiiatcd in close neigb 
bourhood over extensive aieas as m vine cultivation anj 
epidemic which ina} obtain a hold, soon produces diMSlrous 
efiects Our cultivated forest plants when occup}ing e\ti.n‘«ive 
areas aic paiticuhil} open to attacks of certain fungus diseases 
Thus Pines from ByMcrivm ptnn<n Catoina pinxtoujmnn, and 
PfiidcTuuuTJi pini, \>olc forests of pure Rpince from ifi/^feniori 
mano'^ioum all plantations of conifers from Tiametes ia<h 
cipcida and Agancuz mdlctis the latter especially if preceded 
b) beech forest the stools and dead roots of which offer the 
^^aiicws an opportunity for easy and abundant development 

The prevention of many epidemic diseases is one of the 
advantages claimed by Gaycr^ m favour of natuial regeneration 
and mixed plantations On exposed areas llic prevailing strong 
winds faulitate distribution of many fungus spores, while nt 
the same time they introduce the supplemental hosts of 
of heteioecious fungi {eg aspen, ragwort cowberry, etc) which 
would be excluded from a closed permanent mixed forest natur 
ally regenerated Of course we do not maintain that under 
these conditions diseases are entirely absent because it is just 
ou naturally sown beech seedlings m closed forests that Phgtoph 
flioni finds a habitat Similarly Tneho^hanxa on silver fir 
and other parasites are in closed forest provaded with that 
degree of atmospheric moistuie which favours them In fact 
several parasitic fungi exhibit adaptations to such conditions 
Diseases, speaking broadly, are less dangerous in mixed forest , 
they never attain the same distnbution and they are moie 
easily restricted where trees of different dispositions are grown 
together Thus the foiests of Bavana consist m the lower 
elevations of mixed beech silver fir and spruce, higher up 
*Gajer Dtr llaldbait 
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(4) Tbe nnssing of ntimlKjrs of the «inie species of phnl 
togetlier is dingeroue because it presents a fa%ounble oppor 
tumt\ for tlie rapid spread of epuleniic disci'es On this 
account the smaller fields of small holdinc,s lend to preient 
anj epidemic from assuminj, serious projiortions Still belter 
IS a system uhere as in Northern Itah a fev. rous of Mnes 
alternate 'Mth narrow «tnps of Indian corn with j.ourds or 
melons on the ground below and strips of gra«s or millet 
intervene here and there 

^^hereve^ similar plants must be cultivated, in close neigb 
bourhood over extensive nicas as in vine cultivation an} 
epidemic which mav obtain a hold soon produces di's.istroiis 
effects Our cultivated forest plant® vvhen occupying extensive 
aieasi arc paiticulailj open to attacks of certain fungv\sKhsea«e® 
Thus Pines from EyMrum ptnntn Cocoina lyxnitorqiu vx and 
Pendnmum inni pole forests of pure spruce from Jltj tmnm 
ma<ro^pori m all plantations of conifers from Tramcks radi 
expo da and j4^a?irM nifUcti< the latter cspecialh if preceded 
b) beech forest the stools ind dead roots of vrliich ofitr the 
Agaixcis on opportunit) for eas> and nbiindant development 

The prevention of mnnj epidemic diseases is one of the 
advantages chimed hj Gajer' in favour of natural regeneration 
and nixed plantations On exposed areas the prevailing strong 
winds faalitate distribution of man} fungus spores while at 
the «ame time the} introduce the supplemental hosts of 
of heteioecious fun,,! {eg aspen ragwort cowberry etc) winch 
would be excluded from a closed permanent mixed foro'^t natur 
all} regenerated Of course we do not maintain that under 
these conditions diseases are eiitirelj ab'^ent because it is just 
on naturally sown beech seedlings m closed forests that Plojtopl 
f?onx Rads a habitat Siinilarf} Ti id o^pl no la on silver fir 
and other parasites are m closed forest provided with that 
degree of atmospheric moisture which fivours them In fact 
several parasitic fungi exhibit adaptations to such conditions 
Diseases speaking broadly are less dangerous in mixed forest 
the} never attain the same distribution and the} are more 
easil} restricted where trees of different dispositions are grown 
together Thus the foiests of Bavaria consist in the lower 
elevations of mixed beech silver fir and spruce higher up 
*Gajer Der UoMfa 
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tli( ].uroj)can 'Jlic lon^ mid pitieiit experiments of Milhnlet* 
me tlic most conspicuous miioiigst nmn> ^\l^lch, me ins of 
‘'raftin„' nnd h^brnli/ition, hue mined it obtiininj' di«c i«e-proof 
Nines Alilhrdet, out of numerous li}bruls raised b\ Inni, his 
succeeded at list m obtmnin^ xines nnuIi loots jiroof n^'iinst 
\b)llo\en loNNcs resistint to atticks of dossu) mildcNN, nn<l 
j'lipos nnIucIi iiiipirt the csltcined flavour to the various old 
ind well-known I uropein wines I roni these mill} nnne<l 
Nint.} irds of fontheni 1 mice hivi been nlreid} restocked aiul 
promise well 

rtic results obtiiuod from Knks«oii’s jnvcstif’itmns on ccreil 
rusts are also worth} of notici - This invt sti^'ilor, after cirr}inj,' 

' II eultivations for a luimlier of }eirs, his found tint there are 
\ irietics of whcit able to lesist the more frequent furms of 
rust ind in no wi} endin^ercel b} them 11} i siimhr mcthoi! 
'f iiuesti^Uiou, MuetKS smtible for cultivation in the rust- 
infested districts of Austnlii hive also been obtained 

MlillinUt Nf Its *«r Uh %ign(H nimriciiiu-* *'or ni )fim il* la ixy tit' 
xi'ii rif tit Jhrrtfnux IH>1, Joint dti frtaill irt j rtiliot t i^r2,Comit rri 1 1 
Ihll /ttttrln/tf pjUt mlrttidhtUu ISl-l, ■> 47, nrnl 169) p 110 
I ssci Dit Ikk ifiij piniMl Ill^n/cnKmnkl I itcii Sat ml tcimtitti'h 

I rO / y» , 1 j X irclxiw ii W itttnlrtcli ISO- X\ it)* 1 il b* 

^ LrikiKOii !'til<rl riff / tiitranlltitm ls9> p 60 
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KCONOMIC IMPOUTANCK OF DlsFASllS OF I’LANTS 

S The oconoiiuc iiiiporlanccofftn) pkiii-cli'-cise dojteiuls on 
Its djsinbulion, Its jutensity, ami the \alue of the plants atlaokeil 
Of mo«t con'oqucnco are tho«e opidonic diseases of fim^oul oriL'in, 
Nslueh cause rapul death of tUeir host, and spread with jircat 
rapidity o\er wide areas Such, ihrongli repeatttl attacks, 
nny render the cultuation of certain ]ilants inipossihle 
in a locality Almost equal damage ma} result Ironi tliosu 
parasites, which, althougli they <lo not kill then host, jet 
destroy or prc\cnt the dcielopincnt of that part fur which we 
grow the plant Amongst these are species whicli inhahit 
llowcrs or fruits, the wood-destrojmg fungi of forost-tiot s, 
and forms inimical to the loliage, loots, or tubers of plants 
of economic \ahie 

As esnmples of pirasitic fungi which bung about rapid deith 
of then host, arc the originators of inanj diseases ol joung 
plants Phijtophthora ommtom may during a few dajs ol damp 
weather completely kill out not only healthy beds of eoedlmg 
beech or conilers m the nursery, but even the young iiliints 
by which a forest is being naturally regenerated 
Ilartigu, a few jcais ago m the beech-forests in some dislncts 
ot Havana, exterminated three-fourths of the naturallj-sowii 
plants from one to four years old Hcqwti ukitt nigru is 
capable of completely destrojing the young spiuce plantation\ 
so important for the afTorestration of bare slopes in mount iinous 
districts, and it may attack with such violence nurborus 
established at great cost and labour that thej have to be 
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tli( Luropenn Ihc long and piticnt e\pcriiiients of Milhrdct* 
me the most conspieuons aiiiong-st nnii} ^\l^cll, b) inLins of 
grifting and h}bru!ization, hi\c mined at obtaining disoa‘>c-proof 
\ines Alilhrdet, out of numerous hybrids raised b} liini. Ins 
succeeded at last in obtaining miics with loots proof against 
phjlloxera lea\es resistant to attacks of down) mildew, and 
giapes which impart the esteemed lln\otir to the ^ mom old 
and well-known Luiopcan wines Ironi these nianj ruined 
Mnejards of Eouthern France lia\e been iilrcad) rc-siockcd, and 
promise well 

The results obtained from FiikssoiTs imcstigations on cereal- 
rusts are also worthy of notice ■* This imcstigator, after carrying 
on cultuations for a number of jears has found that there are 
^^rletlea of wheat able to resist the more frequent forms of 
lust and in no wa) endangered b) them a similar method 
ot m^estIgaUon, \aiieties suitable for cuIti\atJOii in the lust 
infested districts of Australia lia\o also been obtained 

'Milhnlet ■* 'ser m e/«« 

Cieffes de liot lS9i, Com\t rti I 

isnt Zeil’chr 47. anl l&Oo, p IIC 

PsBcr Du iJbK iiitpiui laiJ&it i lunzenKrmkl ejtca ’ Snmmf iri*uutth 
loriiti/e, bj \ irchow « \\ ittenl>tcl), 1S94 W ith 1 ibliogmphj 
Eriksiot) 7f\Uc}irijtf /ynn entm* tA< /< m, 1803 p SO 
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S2 nt\INTI\f tOMLlTIVf JIMStrES 

Uit 1 uTopt'Mi The long uud pitii-nt cxpcnineuls of Milhtdet ' 
'iiL tlic most conspicuous amon^ t iinm uhicli b\ iiiL'ins of 
graftin„' 'iml hjbndizalion, ha\c amicd nt obtaining <lieci«c-proof 
vines 'Milhrdet out of numerou-> Iivbnds raised In him, Ins 
succetdc<l at last in obt lining miics witli roots proof against 
pli}llo\era, lea\e-> re^i^tant to attacks of rlowii) mildew, and 
giapcs whicli impan tin. csteuned llaaour to the a inous old 
and well known luropcm wine<» I roni thecc inanj mined 
\int}ards of soutliorn I ranee have l>tcn dread} restocked, and 
promise well 

llu, results obtained from l*nks»on's investigations on cereal 
rusts arc al«o worth} of notic< * Tins inve-stigator, after canning 
« 11 ( ultu itions for a nund er of }ears has found that there art 
V irietiLS of wheat able to resist the inert frciiucnt forms of 
ru«t ami in no wa} endangered b} them !>} a similar method 
ot investigation, varieties suitable for cnliivatioii in the 
inf(sted districts of Australia have also been obtained 

'Milhrlct N t(.s «ur Ics vti^c5 ‘VfiKricainc^ '*tr ni Mem <!* la il'^ 
>"■ '•*«/<• llorl II* lull Joim dajrieillHre j rnti III’ 1Sj2, Com/l rent 

mil /itilrjlf Vjli aLrtnlhtUn IgSt i 47, anllSOj p 110 

1 fr Die Ikkai! j flint ’ im/ 

I rlr /» 1 j % ircl iw u \\ 

' 1 nkKi I / ihi-ltiji f 
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^CO^OMIC nirOlITWcK of DI'^I of FI \NT' 

^ 1 J The tconninic nuiMjrnnct of -juj !•! uil i * »1' j- n I- * ti 
Its (hstnbuljon u«? inun'iii, nm! tht x tl«t r f tfio 
Of mo«t con«oquena arc ilioet t|>i«leniic ‘li«' n*"' • » f f«ifu' J I ' n.in 
uliicli cnu'C npid death ef their loi't and r» ad «itfi ^r» nl 
npidit) oier uidc m i« .''uch t]jr nMuh* 

iin\ render tlio <tiItmtion ‘f certain ihnts nin>'**i!l< 
in a locnlit} Aliiio«t tqiiil damage tin\ r» iilt frr m iIi*- 
parasites, which althonji iht) do not hill ilicir h r.i \»i 
<Iestro} or prcieiit tlic <lcacloj>mcnt of lint part f* r whnli w* 
grow the plant Among«t tht«» arc ‘•|>cej s whirli inhilit 
flowers or fnut« the woo'l dc'-troiing fmui of f n 
and forms imniicnl to the foliig* root** or itil»<r» if jIhiIn 
of economic aalue 

As examples of p.irxsitic fungi which hnn^ jil*'mt nj 1 1 i! iilt 
of tlieir ho'.t, irc the orj„inator<« of iiniij cln' i- s »f atnii^ 
plints J’/it/loplUfura vnmr/rtz iiia} during i f w flij« tfdini|. 
weather completel} hill out not onl^ h* tllh} h»ds of llin, 
btcch or conifers in the nur«<r), hut mmi th' jdinif 

b} whicb a forest is "Ijcing iiatunlh i»^*n«ral<i if /» 

Ilarlirjii a few jears ago m tin !x-<ch f^n-'ls m foni< dntii is 
of I’aaana, exUmnnit^l thrt' fourths of lh« intuMlI) i-owii 
plants from one to four jears oil JIrrp tnihm n jin Is 
capable of complcttl} df “tro}ing th» yiung sjou" j ) nil ill /n« 
so important for the afforflntiori of bin ►lojs s in njiuntdnons 
districts, and it maj vulh ni<h viohii** niijMil«s 

established at great co‘t and hdK>ur Ihit th'/ hivi to In 
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iibnnil(iiiL(l A\Ik,I( cxpernneiits of Afilhrdct ' 

r.mmj m sj„) i ,nnv> ^^luch h) intuis of 

innmtid 1)} Ih/sUmm obt'^ming tWi'>c prooi 

Amongst ilu» fungj r'lisctl 1 a Inm Mb 

iiiid latisc Miu)iis to loots proof against 

well known potato dn^en'^e ci’^_ dossu^ mildew, and 
till xim di'-ei'^is arising to the various old 

iifiii/fi and Jimatijhm lowr/i/ \^>»{liese nnn) ruined 
and otiici trees \s distrovtrs restocked md 

nienlit ned the smut fuiui eif the 

Otliei (Uses of injurious distises of more (u*^^?'x»ncti( 
impoit wdl III desciibed in the S|)ceinl part of tln^ hook, 
pribont wi sliiill onlv sj Itct n few estiniitos of the loss resn 
ing irom them 


In the f m St rl IhsehotNreut in Itivaria — a munificent oi 
tontiiniii^ spniei hr and heteh — eighteen jier tent oft 
filliil limhei consisted of wowl lenilcied listless h} ticca; 
wlnli nft) veirs ago tin utilizing ot the so called fungus spoiig 
of / //j ni f tn a/a>ia-> in the bnme forest for nmnufaeturn 
jmil ( ses and loi tniilci, was let loi n sm ill turn (see p 74) 
Hi^hei figures are however reached wJicn we calculate tl 
iniunis on vines or cereal crops Pieice • in 1892 furnislie 
istinntLS putting the loss reswltvng from the Anaheuu Miu 
disease m California at ten millon dollars The area of infectc 


hmd was vbowt 25 000 acres \n gieat part with an origin' 
valiu if oOO to 500 dollars pei acre hit so depreciated i 
the course of five jears tint it liccame woith not more tin 
75 to 200 dollars 


In the 7rxlchifi fill Pjlan oil tanIhnUn 189o the intei 
nitional phjtopathologicU coniimssion gave from estiiinti 
mates furnished bj the Prussian statistics bureau a review c 
the losses in Piinsn from gram iiist Aiiioimst other csti 
mites we find that in 1891 the wheat lurvest of Pnnsi 
leached a total of 10o741GS doppelcentnei ” which at 2. 
marl s pei dc *=£11 459 690 sterling Of tins d 316 059 dc o 
£3 593 758 was deprecmteil bj rust The rje harvest wa 
30 505 008 dc at 22 marks of which 8 208 913 di 
oi £8 896 364 was depreciated bj rust Oats reachei 

'Tl'Calfontn ]\ eD eoH US Dtpl o/Airtnltiop BiU " ISO*’ i n 

1 ) ppekci ti cr _ 100 kilogronne ^ 
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Jhituiih'iin, or SjiubjO'i'' m ilic '‘Hii.tir Ins 1>C‘ » 

tljsUniJunhoA n** i\ spcc-nl owv ,,1 Tins emu\Uu>n 

nctuis m1\oji u |nirt«U( ttiul «s IjonI nintuallj \\orl% foi 
the liouefit ol one tuioilui eith toniuhniniii to the other's 
nouiislmicnl The litheus hmush the utost mnsjuciious esnmpU* 
Uoio limuus-hjplne mute with al^il telN the iil^'U iiinnshni}: 
the lmi<»i with nssmulatcil oi^anu mitnmcnt the fimi’i pm- 
\uluia wnler mid dnsoUed salts tiu al^ne 

NYlulo It IS h) no nu.uis muoiumou to Imd two orj'miisiiis 
tiiUinu II imilunl ad\mitn'»e ol tath otlui, jot imilmh’iii m its 
stiutost some is n rare pheiioineiioii Toi it geneitilh hapiteiis, 
and IS uideed to he e\iM.Hted, tint one or both sjnibiotu 
org.uiisiiis inodirj in some di^ixe then inode of life to Ruit the 
alteud conditions necessuj foi tlicU imitnal snppoit Thus 
mnonyst the hclinis, as a result of the union oi funj»us and 
aUi •! liMu^ organi'>m «»nquntcs, which m form noce-'Sitn.s, 
and luodo ol life is qmh mu, and diflers coinplotelj from 
cither of its components In thi hclKU-communitj , the funqus 
alone lejnoducis itself, jet the nlqi occurs as a free onnnisin 
m lutmo, while the fungus cui onlj be reared in aitificial 
inltme This combination iniqht iicrlnps be compared with 
that of o\jgen aud hjdro^ew to form water, also to a certain 
extent with the union of the sexual cells to pioduce a new 

*llu tinu SmuI iiv-in WHS rtpj* » 1 i» « _ 1 . . . 

uuil othcM, to (UnoU tli<’«i » ^ »«. 

oK«in»sl lo tiku iilvLt I'ltwtca il 

l.aiautl, ISO-’) 



MtTlAI I**'! 


P7 

indnuhnl 11 m •'( nml <i 1 ki txniiij*!* *■ will f'MVi to illii'-tt itf 
hnw wo ln\( iii iho hrlion nij or^. 1111*^111 with ]>ccii!nnlM« tf 
vlrutlun mid f f Ufi widoU (lifTinn^ fn m tlio'*( of iitlur in 
iLi or a fiiii^ii** Dll'* uiijficition of two li\iti^» h(uv<» into nu 
nilnidiiil whoh I 1 m\c ih^i^intnl Inhiuh ift ti • 

In the ci‘-( of tho lichon «i\inhio‘.i« llit cliloniph} lions jnrt 
ronsi'-ts of iinnnti 'lV^l cilN roiii|iUl<l\ onclositl in a tissiu 
of fungus h)j‘ln( 'ind tin lichen lites ns n iMrhctli i«( htui 
ind indci>cndcnt phut Iho iim i« Iinttcvrr ilifhrtnt when 
Ihi. fnn^Mis enters into pinsitn i<litinnshi]i witli tlie i;riin 
alls of a 1 ir^e phut I mm nnx then tnki phci so tint tin 
fnn^Mis li\(S on or iii'idi its h<si reiiiovdl from cnntncl with 
iiu other snh-'lntnni llu fungus i« ho\\t\ir not in n i ositn n 
to c<in\e\ mn nmrahmmt to its ho*'! and in fict is nUolnteh 
depemUnt on it, t( r the «»r^'itin suhstana nnd wntti nccts«iri 
for ^rfwih A\ here howt\tr the rehtmnship is such tint the 
psnsuie fungus is stiU in iitict with «( nu other siihstntnm 
then It nn% he ns>nmMl lint in spue of its pirisitism it 
nk(S u]i nuinmcnt frenii this eonree nnd slnros it with its 
host This SH Ins ulr< uh hem pfintnl out is llu st itc of 
thing's in the lichens where tin fungus coinphtelj tn\olo](s 
tlie Biinll isohlcd al^ie mul must is a condition of the t,rowth 
of the lichen rein iin in direct cont ict witli tho suhstnitiim 
the fiin^ms is lelieicd to take from the snhstntiim wstei im! 
inor^nnic food nnternl leitli which it supplies the nloU- whih 
It receises in return plistic ort,iiiic suhstmice to li used in 
its own i;ruwth Of course enses do occur amon^'st the lichens 
where m moist pHce« the il^i is not dependent on the fungus 
or on tho otlicr Innd where the fungus tsn itself nl c uj> 
organic suhstana trom its suhstrituiii 

Another example of the case is the union of fmij,! with 
run clilorophj lions pi mts which inhabit humus (eg Mmuhopa) 
Here the fungus taken up organic nounshmeiit from the 
sul)stratiim and supplies it to the higher plant which m 
consecpience of its lack of chlorophyll is directly dependent on 
the plastic organized substance from the soil supplied tlirou di 
the agency of the fungus The latter however receives nothin” 
in return, it lecpures notliing since its euhstiatum offers it 
the most favourable conditions for nutrition This form of 

' Tn li\i luati*iinnA 
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f,)uibiosis, in which the fungus becomes the nurse or feeder, I 
(hstiuguish es Xiitiicim Uetween the case just cited and 
that in which the fungus is a pronounced loot-parasite on 
green plants, there exists e\erj possible intermediate stage 
llefore nutricisni is considered in detail it would be well to 
exemplify hriell} from the ranks of plant-parasites, that pheno- 
menon of indiiiduation so sharjilj defined in the lichens 
A large number of parasitic timgi cause local cell-enlargement and 
cell increase, with the frequent result tliat an attacked plant- 
orsjan becomes aerj much enlarged and its torm much changed 
One speaks in such cises of hjpcrtrophj and hjpertrophied 
oi-"ans It is quite e\ident that m casc<» ol li} pertroplij the 
attacked part must be better nounslicd, otherwise it could nc^oi 
sustain the great increase m niimbei and size of its cells Tiio 
lijpeitiophied organ is, m fact, indebted to the surrounding 
health) paits for its additional nmmslnnent in other words, 
the place of demand draws to ilsell the materials it requires 
Ihis IS all the more necessar) when the legion of increased 
growth IS deficient in or altogether dcMud of, chlorophjil, and 
thus quite dependent on the assimihtini' green parts This 
IS frequentl) the case, as m the scales ol alder catkins attacked 
b) U^oascu^f aim ineannc, in the needles of silver fir deformed 
b) Accuhnm clalinum, or in the )ellow needles on spruce 
resulting from Accidunn coruscans So also must the wood) 
swellings of brandies attacked b) AHidunn tlatimnn, Gpmto 
■ipoiangium -inbninc, and other fungi, bo produced at the cost of 
neighbouring parts of the host TJie h) pertrophicd organs be- 
have, in fact, like these plant-organs — flowers, roots, etc — 
which are normall) deficient in chloroph)!!, and to which 
plastic material must be supplied 

In other cises the part of a plant attacked by lungi behaves 
like a specialized organ, and, m combination with the fungus, 
attains to a certain degree of independence The so called 
witches’ brooms” furnish an interesting example It is a well- 
known fact that the direction of growth of the mam axis of 
plants is negatively geotropic, whereas that of the lateral branches 
IS only a modified form of tins condition If the teiinmal bud 
of a tree (eg a spruce or fir) be removed, then one or more 
lateral br inches, or even buds of those branches, will exhibit 
an increased negative geotropism This is very marked in 
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llic ci«e of tlio •‘ocnllol «torm of ilic on 

winch arc i1(\cl>ix?*l not n nj»ct, ns in the nornnl fir 

hilt nnii}, cich of wJncli ”1’ imhimitlcnt 

tree on the hmichc'* of the oM stun A snnihr result follows 
where n portion of n litcml hmich is plnnic<l ns n nilliii/ 
oin hud ^mws ilireclh upwinls the others form litml hmnehts 
The stimuHlin^ effect winch tin rcmoxnl of the lerimml shoit 
protluccs on Htcml hrxnchcs is thus one wlncli t'ctcnds l<i n 
considenblc disniicc A htimulus of n somcwlul snuihr inture 
qipcnrs to he exerted on buds atHckcd b\ ccrtsin fuiu'i so 



Fio 111 — IV tches broom of S Ivor F r c^ Bed by Atcui m tlal n 
(V Tube f pi ot ) 


th it the shoot produced from such a bud no longei retains its 
normal direction of growth but becomes ne^ntixel) geotropic 
like an independent plant This marked negative geotropism 
is characteristic of all witches brooms (Fig 16) and shows 
cleailj that the} are no longer controlled b} the same laws of 
growth as the normal lateral branches They have in addition 
other peculiarities not exhibited b}r normal plants Thus the 
witches broom ot the silver fir caused b} m}celium ot 
Accidtum clatini m is not exci^reen but bears needles which 
fall each autumn Aloreover no witches broom bears flowers 
or fruit, for example that on the cherry (Iig 5) produces 
exclusixely le if buds which unfold simultaneously with the 
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sjmbiosis, in the iiingws becomes t!\c nurse or feeder, I 

distinguish as Xi'lncism Between the case just cited and 
that in which the fungus is a pronounced loot-panisitc on 
green phnts, tliere e\ists evorj jwsstblc intermediate stage 
Before nutricisin is considered iii detail it would he well to 
o\eJnplif) hrictl) from the ranks of phnt-jnra-sitcs, that pheno- 
menon of indiiidintion so sharjd) defined in the lichens 
A large number of parasitic Inngi cause local cell-enlargement and 
cell-iucrease, with tlio frequent result that an attacked plant- 
orcau becomes lerj much enlarged and its torin much changed 
One speaks in sucli cises of hjpcrtroplij and h} pertrophied 
Cleans It IS quite exident tint m cases of lijpertrophj the 
attacked part must he bettci nourished, otherwise it could iieaei 
sustain the great increase in numbci and size of its cells The 
hypeili opined organ is, in fact, indobtcd to the surrounding 
health) parts for its ad‘htionil nourishment, in other words, 
the place ot dcuiaud draws to itself the materials it requires 
rius IS all the more necessarj when the legion of increased 
growth is deficient in or dtogether deioul of, chlorophyll, aud 
thus ([Uito dependent on the assimilating green parto This 
IS frequentl) the case, as in the scales of alder catkins attacked 
b) Eionstus aim in<nnn>, in the needles of silver fir deformed 
bj Auuhinn datinum, or in the \elIow needles on spruce 
resulting from Aceuhum a)nu>cans ‘-o also must the wood) 
swellings of biauches attacked b) ♦ffdmawi, Gijinno 

<tpo}angium saUnm, and other fungi be produced at the cost of 
neighbouring parts of the host The hypertrophied organs be- 
have, in fact, like these plant-organs — flowers, roots, etc — 
which are nornnll) deficient in chloroplipll, and to vvluch 
plastic material must be laipphed 

In other cases the part of a plant attacked by fungi behaves 
like a specialized organ and, m combination with the fungus, 
attains to a certain degree of independence The so called 
' vvjtche-,’ brooms” iiuiush an interesting example It is a well- 
known fact that the direction of growth of the main axis of 
phnts IS negatively geotropic. whereas that of the lateral branches 
IS only a modihed form of this condition. If the terminal bud 
of a tree {eg a spruce or fir) be removed, then one or more 
lateral branches, or even bnds of those branches, will exhibit 
an increased negative geotropism This is vei-) marked in 
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lie of the *<0 cnlU I ‘storm lirs ff tlii, inouut'iinx on 

«1mc1i ire .1 'el l>cl not -i 'inj,lo nicr n in the nonnil hr 
I lit min' rich nf "Inch „ro"i up like n little in le|».mlciit 
tr eolith I niiclus of th oil it. in V uniilir remit folloin 
'rhen 1 1 ortl 11 of n 1 iteril I micli ii I kntc 1 iw n cnttlii„ ^ 
11 1 11 1 .hrccti' np"ir.li the others forni literal hniiclici 

The Itiniillitin elf'ct 'rliich the reino'il of the termiinl shoot 
imhicei on litcnl hrincliLi is thus one "Inch cxtelnls ti i 
coiiii Icnl le ihitincc k itiiiiiil is of n sonic" hit siiiiihr intiiie 
Hpirs to ho c'crtel on liii K nttickcl 1" ccrtini fiin,i m 



th It the shoot prodiicetl from such i bud no loiiijer ret iltis it 
iioriiial direction of gro"tli but becomes iiegiti'tlj ^eotroj i 
like an inlepeiident plant Tins marked iiegitne ^eotropisi 
H characteristic of all "itches I rooms (Iig IG) nil 1 slio" 
cl irl) that the) ire no longer controlled b) the sniie hiis n 
jrovth IS the normal lateral branchei Tliej hue in adlitiii 
other peculiarities not ctliihitel hy iioniial plants Ihiis tli 
"Itches oroom ol the sihcr fir caused hj iiijcclnilii o 
Acaltim claluum is not e'eigreen but bears net lies "liicl 
fall each mtiinin Moreoier no 'vitclie, broom heirs tim.r 
or fruit for eximplc tint on the clicrrv (In ns , , 

C'clusuelj leifbud, ".hicl. nnfold simiiltiiiconslj \lnh 
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symbiosis in ulnch the fun<,U5 becomes tlic nurse or feeder, I 
difatiiiffiush as iV Iktween the ca'st just cited and 

that in which the fungus is a pronounced loot pai isite on 
green plants there exists eicr^ possible intennednto stage 
1 ciorc nutricism is consulcrcd in detail it would be well to 
exemphf} briefly from the nnl s of plant parasites that pheno 
inenon of indnuhntion so sinrjdj defined in the lichens 
AUr^e number of 1 arasitic luiij^i cause local cell enlargement and 
cell increase with the frequent result that an attacked plant 
orn-au becomes ler^ much enlarged and its lorm mucli changed 
One speaks m sucli cises of lijpertroph} and li}pertropbied 
<ngans It is quite eiidont that in cases ol h}pertrophj the 
attacked part must be better nourished otherwise it could neier 
sustain tlie ^reat increase in nnuibct and size of its cells Tlie 
hjpoitiQplued oi^au is in lart nid«bted to the surroiinclmg 
healthy paits for its ad litioml iiounshinent , in other words 
the place oi <lcmand draws to itself the materials it require® 
Ihis IS all the more neccssarj when the icgion of increisecl 
< 5 iowth 15 deficient m or lUogelhcr deioid of thloroph)ll and 
thus quite dependent on the assnmlatin? green parts This 
15 frequently the cast as in the scales of alder catkins attacked 
bj Hoists (dm tnrtnac in the needles of sihtr fir deformed 
by Arth m clatimnn or m the lellow needles on spruct 
TPsultiiio from Acndtim corn^ans ^o also must the woody 
swellmgs of biandies attacked by A idu m ilatim m Gtjmno 
spotanjiutn salmni and other fuii„i be jioduced at the cost of 
neighbouring parts of the host The hy pertrophied organs be 
have in fact hie these plant organs — flowers roots etc — 
«hich ate norimll} deficient m chlorophjll and to which 
plastic material must he supplied 

In other cases the part of a plant attacked bj fiin^i beliaaes 
like a specialired organ and m combination with the fimnus 
attains to a certain degree of mdependeiice The so called 
witches brooms lurnisli an interesting example It is a well 
known fact that the direction of growth of the mam axis of 
plants IS negatively geotropic whereas that of the lateral branches 
is onlj a modified form of this eonditien If the terminal hud 
ol a tree (c, a spruce or fir) be remoied then one or more 
lateral branches or eien buds of those branches will exhibit 
an increased negative „cotropism This is veiy marked in 
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tlic cA'se of Uio fcO ciIUnI sionnlir*” <'f the tuotintini*. "ii 
ulncli 'irc «Io\cIh{>cn! tint n n*- rrml hr 

l«\t nn«j, ticU of winch «j* lihc n liulr* inl*j*nl*'nl 

iTfc on ihc hnnclK'* of iW nW sum A »nnihr nMjlt Ml iw* 
where t j>orti<»ii of n \\\cm\ \»nuch x« n» n r-iAUw*'"' 

ow hn I «4ro\'< chrecUj npwtnl*. the otln rs form IiU nt I \-^\vU • 
Tlic sumuHlni^ clf<Tl wlitch lU** fvtn<»*'il of llic trrmiml ‘Im' ' 
I'To^fnccs on hicnl hnncljcH is tlnn oin which ittcnl* it i 
con«ulcnh1e •h’^niice A Mumilns «f a s »tuc.v\h it «nnihr in" r 
i]jp ir** to 1 h 3 <!>:<‘rtC'l on hinls /ilHchtsI hi rertun hjfjjj • » 
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sjmbiosis in which the fuiioU*! becmnes the nurse or feeder I 
eUstinf'uisb ns Between the cist just cited ‘tud 

that in which the fiin^ns is i pronounced loot pii isite on 
jfreen phnts tlierc e\ista e%er} possible intennodiite stage 
I ctore nutrjcisin is considered m detail it would be well to 
cveinplif) hnefl) from the mil s of plant jnnsitcs tint pheno 
tnenon of mdniduition so shiqilj defined m the lichens 
A Urge luuni er of \ insitic lunj,i ciiise local cell enhrgoineut nnd 
cell increiso with the frequent result that nii attacked plant 
or^an becomes \er} much enlarged and its torm much changed 
One speaks in such cises of hjpcrtrophj and h) pcrtrophied 
iigans It IS quite CMdent that in cases of lijpertrophj the 
attacl ed part must he bettci nourished otherwise it could ne^ei 
sustain the ^rent increase in mnnlci and size of its cells The 
Inieitiophied oigan is in fact indebted to the surrounding 
health) paits for its additional noiirishment in other words 
the i^hce of demand draws to itself the nntenals it requires 
fills IS all th( more necessary when the icgion of increased 
,ruwtli is deficient in or dtogethcr dc\oitl of clilorophjll and 
thus quite dependent on the assimilating green parts This 
IS frequentlj the ease as in the scales of alder catkins attacked 
by 2 ^iO(<iis aim tie mar in the needles of siKer fir deformed 
bj A \hin clntiinm oi m the \ellow needles on spruci. 
resulting from A tlum con am So also must the wood) 
swellings of branches attacl ed oj Atcuhnii datinum Gjjinno 
I } injxuTTi {} in i and other fiin^i be produced at the cost of 
neighbouring parts of the liost The hypertrophied organs he 
have in fact like these pi int organs — flowers roots etc — 
which are normally deficient m chlorophyll and to which 
plastic material must be supplied 

In other casts the part of a phut attacked by fun^,! beha\es 
111 e a specialize! organ and m combination with the fungus 
attains to a certain degree of independence The so called 
witches brooms luimsh an interestiug example It is a well 
nown fact that the direction of growth of the main ixis of 
plants is negative!) geotropic whereas that of the lateral branches 
IS only a modified form of this condition If the teiminal bud 
of a tree (cq a spruce or fir) be removed then one or more 
lateral branches or even buds of those branches will exhibit 
an increased negative „eotropisiii This js veiy marked m 
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(he oisc of llic cilk'l Monn lirn “f ilic iiiounnuj* «'ii 
winch tiro »h\tlope<l not n in iht n« riinl hr 

1 ut unin, lie'll of wine'll ii|» liVc a liUk nihi-nknV 

tfLC on tin hnneht^ of tli oH ^t»in A ftimihr n'>nlt foil m** 
where i portion of a lUen! hrmcli h planto.1 a^ a intinv 
on Imd ^mws ihrecth upwitil^ (lit oih< rs f »rm ht« nl hnnrliM 
The «limvihtni 4 i ITeol winch tin rcnn\al of ilie lernnml «h<>- 1 
pixxluccs on hlenl hr-vnohc-< ii tliiw om winch extend-* M n 
conrtdenhlu dirtmcc \ hiimnlus of a « miewh it •sitinhr niiun 
ippe.\r«i to he exerted on Imds nttichul h\ ccrtun fiin^i « > 
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tint the shoot produced from such u bud no lnn„»ci rctuns its 
uonual direction of growth hut becomes neoatvstlj geolropic 
like an independent plant Tins marked ncgatiie geotropism 
IS characteristic of all witches brooms (Fig 10) and shows 
clearlj that thej are no longer coatroUed bj the same laws of 
growth as the normal lateral binnches They liave in addition 
other peculiarities not exhibited by normal plants Thus the 
witches broom ol the siUcr fir caused bj mjceluim ol 
Accidu ni clatinvm is not oxergregn but bears needles winch 
fall each autumn Aloreover no witches broom bears fiowers 
or fuut , for example that on the cherry (iig 5) produces 
exclusiielj leaf buds which unfold simultaneously witli the 
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opening of the flowci-bttds of uii.ittackecl 
foliage coming later 

We ha^e hcie an expression of the existence of a closer 
symbiotic relationship between the fungus and its host branch, 
than between that ho-»t-btauch and its mam branch It also 
shows that the host-branch is completely at the seriice of the 
fungus, altliough the latter is dependent on the former foi its 
support The host-hiancli is at the same tunc, under the 
nec( ssitj ot conducting itself in the partnership in the vra) most 
suitable to tlu deielopnient of the fungus^ Thus the asci of 
the Exoisceae are pioduced on the Itivcs of the witches’ hioom, 
and iipcn as the normal leaies unfold, so that the spores 
aic in 1 position suitable foi successful infection of the joiing 
normal leaves 

I'rom these facts it can be deduced, th.it parts of pl.mls 
attacked bj fungi exhibit that Kind t»f sxmbiosife vsitlv the fungus 
wliicli wo call mduiduuion the |oint communitj beh.iMiig 
moie 01 less us a parasite on the stun cu branches of the liost- 
plmt This is clcail} tlie case when the attacked parts exhibit 
increased growth, and at the same time a diminished piodiiction 
of ehloropljjll resulting from degeneration of cliloroplnsts Such 
parts ot plants are cpnte as individuali/ed ns the lichens, with tlie 
single distinction that they icmnin in communication witii tlie 
patent plant and draw nourishment from it 

There are, howevei, other cases wheie the chloroplasts are 
apparent!} increased where at least the} attain a lengthened 
duration of life This is evident m certain instances hist 
pointed out by Coinu, mentioned b} De Bary, and on 
which 1 have made extended observations Jfaples may 
l>o found in autumn on whose discoloured, withered leaves 
k'wie.a. wse. yymitent On ’Etn'wti} Tfitipke \ 

observetl these spots xerj conspicuous on almost ever} haf, 
and especiall} on those of the lower crown The gieen parts 
were beset with the white epiphjtie in}celiiim and peiitheeia 
of Uncinida acni^ Cornu describes similar appeaiances accom- 
paming another Enj^iphe, certain Uredmeae, and Clado-ipoiwin 
ilcndutxcum I have seen the same phenomenon regularl} on 
the mountain maple on leaves carrjing black spots of 

* Plant galU cmiscd bj ntiiinals also oxbibit ftiUptfttions Benjceable onK for 
tlio gall oct-iijiaut 



j>incf<1uv\ f. lJ‘t) A** fillm jim% I» iiinilKiiMi 

quilln, wliuli 1 lllftilttl willi (fi/mtu --jx )iu /iin/i tJ nnnnr 

forvir iml kiNC' of ('ymfnclvm f inrWi tmvi %\jtli 

Ci'ti\aitiinn if'^Icpwilixiin In nil i1m‘'» cT'-t'* initntu* ‘•til 
‘•tnicc'5 ‘•iiin lt> Ik htill tniiMiittlitl ti» nlliilul I'lrt'' nitti 
tlc'xlh of thi ri‘-t of lh(. U \f lln. uitickitl •'hnw ako 

an intl(]HiuUnt I in tint tlic\ i1<> imt turn \ill<u 

hcfiiR thi fill <1 tin Kaf I ut continiK to uoih at tin 
scnicc of tliL |ni ivjti OiH tan t\tii lulnti that llic't ^ucn 
nlaiule “o Inn^ a*, inorganic Milvimitt iumI ^^atL^ arc •siiijiIkiI 
to thnn liM \Mtli the fiuv'Ms likt hchtn** i«|Ktiillt tho'*i 
lichon‘. wlicici al^at oht nn uitir ainl iijop^'anu iinttrnl dnttt 
in t through tlic fun^il luphat 



CHAPTER IX 

s\ Mmosis. 

^ IS M'TRUI'.M 

toi iliL jreater nvmbt.r of tht fta« »'*el ni onr 
of this pLcnlm plKUomenon wt ux itukbtei lo tmik ^\ho 
hill the b-iais of our knov\ltdjo in rocrinl to it JiaM. 

clio-cn tin t.\prc"ion \iitncjain for ruieousi ilreiilj <titecl 
(> 14) mil would onlj old tint its •'COj>e n N-imbk in iliflerxiit 
(.a L*? and tLichos us most comprehm'-n*. ipjdiontion m connuc 
tion \Mth tnnks \iow» on the “-o c.ilUd in)C(irhiz.u ^^e ^Inll 
best evphin the phenomenon bj describin’ induidml ivampks 
In 1 number of ca-«es the '-jnibiosiv bttnetn funt^ 'ind hicher 
jhnts does not result m the fmuin being suj plied with orgimc 
nutriment bj its host but nthei tint tin fungus is m no ^\'l} 
indebtoil to tht host phut for mitruiunt and nny e\en is in the 
lichens coniei solutions of inorganic nnteiiaU to it thus assi-.t- 
nig in Us mitnuon There arc two cases distinguishable in this 
connection In the first the fungus hies in humus and iii 
do e cvUnnl contact with tht roots of its host obtaining 
dfovi’ ifcr rai-? tt rAw -tiiwsvf sa'ppiyrtrg- riV A'iimJ’ 

with orgmic nutriment In the other ca-te tht fungus develops 
in iile the root cells of its host and is pitibablj- nourished from 
tint source till on diiiig it giics up certain albuinmoid sub 
'■tmccs which are absoibed and utilized bi the host plant The 
parts of the roots which shelter the fungi Frank has nanieil 
fungus traps’ the plants themsehcs being ‘ fungus digesting 
plants.” 

The organs rtsuUing from the symbiosis of root and fungus 



lii\c Ivccu tniiusl iM\cf tilt? » '■ or fiiit^u** n^t'* When lioutMr 
ne\^ ^tnictun"* <10) nrc pitHlucitl nn the root** ns n 

n. stilt of «\nihiosiv wjtli fuiiti or 1 noli nn ihc 11 uiu iii}ro<loiinln 
or fnn^ais clntiih( t-s Ins hwn 

One «h\ision of iii\c»rhi7'i c*jisi«ts of those which h\i in 
htittui« nml net ns intcniuslnncs i« Miiiitlunt.' fheir hosts with 
mitntuc nntcrnl In this cns< ilu fmviis covers the host 
rent likt nn cntir rovirrn^ forces itself httwten tin nils if 
the outer Invcrs nnd jirtKlncts hinstnrinl hnnclics m tin intcnoi 
of the host n.ll«; llnsi I nnk lUsynntis m iclotroiihu 
invcorhun The nmniimv' iiivcoihun do not fotni such nn 
eMcninl shoith hut live inswh the fungus tn]>s nnd pndiui 
tnnjj.led coils of hv|dne in the rootcill* of tin host flnst 
1 nnk distinguishes i- eniloirophic in)corhi7n 


Ectotropbic Mycorhiza 

(!) On non ehlorophyUous plants living on humus 

Knuiinski* wns the first to observe tint Minotivjia hypopitys n 
lion chlorophj llous phut liv mg rooted m fyre«t mould, possessc cl n 
eompnet root svstem devoid of root Inirs, hut covered witli the 
h) pint of n fungus At the «nme time, he evpresscd the belief 
tint n sjinbiotie rehtionsliip existed between the fungus nnd 
the toots of il/biiotrepci wlicrcbj the former supplied nutriment to 
the htter Tlie fungus clothes the growing point, uid extends 
b'lckv\^^ds to tint part of the root which Ins censed to elongate, 
tliere the mjcelium penetrates’ inw ird® between the root cells 
ind rennins intercellular The mjcorhiza of Monotropa thus 
showed coinidete agreement with those known earlier on tlit 
roots of Cupuliferae,* ami since proved b} Irank to have a verj 
general distribution Johow * has pointed out tint an external 
mantle of fungi also exists round the root apices of Hyjyojyity’i 
hypophaerjen a holo«aproph}tic plant devoid of chlorophyll 

*Saraiiw ^ o*t oj ilyeorrht tr $a«rt ! ho* Slo\ti-aen\e 1893 With 

HiLliograplij 

‘Kaminski, d laM dtt aettnni nalur deChtrlo^rg T 24 188" 
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Ill Monottojm. The root sjbtem of a tiS?e has not only to secure 
noiirishinent, but also the ngiditj and stability of the tree * 
This latter can oiilj be attained bj a uide (h'^tribution of roots 
in the firm sub'^oil free from humus, uhere iioraial roots uith 
root-hairs \\ill be formed The nursing function of the in}corhiza 
seems thus to be less important than in the case of Monotnipn 




Jf} iiei\e«t im estigations on this subject " shou that, amouj^st 
the gjinnospermous forest-trees, the Abietmeae alone have loots 
e\tprnall\ clothed with a fungus, the remaiiiinc groups hi\t 
all endophjtic mjcorhiza The Abietmeae have frequentlv onl;^ 
a fine mantle of funjiu^ on their rootlets, and do not produce the 
tufts of short, branched roots so characteristic of m}corhiz.i m 
general Frank does not seem to be altogether correct m his 
Mew thit the Abietmeae are almost or quite incapable of multi- 
plication b) slips, because they woidd then require to exist for a 
time without mvcorhiza. Probably there is some other reason 
for this, because the Sahcaceae (eg Poplars), which haie typical 
coral-branched mycorluza, are almost eTclusiieh multiplied bi 
slips 

* no\eler, (“Ub die Verwerthung d HmnDs bei d Emahrung d chlorophjll 
filhrcnden Pflanzen ” Inang Dj«3., Berlin, 1S92,, Btates that roots ar* able to 
utilize the soil constituents >tithont aid of fungi 

* Tu1>cuf, Fornt iia/«nri.» Zett»rhnft, 1S96 



in<'Troniir m7^ 
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Aftrr llic tii\0'rln7i ln\p fun* itmiM «<« t<tic!i for “oiin iniie 
till* fiiiisoiil ‘■licilb, O'! \\«U tlio Jijplnp fontimid in Ihi 
c-orltx of tlio root onludo iho • ndvlcnm* nn* iJm»«n off Ii^ 
inkrinl coil» foninlion Tin* i'- lnmc\<r no! tin • 

for llic fnivns tin\ |^pnt•lr^!<• fuUlnr niid «lo\iloj) innin 'iix pm 
•"itic rlnnrtcn'^tip*' tliin • with t ' nuiI AV'71/ 

Endotrophic Mycorhwa. 

(I) On non-chlorophytlout plants Itstng; tn humus 
Certain Orclndeac — Xfttm Xulm Kpi}»’i>n (!iit<Ixn} 

(tooihjrro rr^«-n«, « t« »*> will »'» '•oiin (JlIiImihu' 
nols dtf\clo]>»d n<« « nilotn«phn iiitcofhi/i ]ii (' iriilh»rhizt tlie 
fmijjns fri(jiunts the 'hort Mini lik« rlnronn “ TIil liintju'* in 
thc«o peiiolntc*- inlo the «<!!•' of tlie root mrtpx iiixl 

there fonii-* a Inll <ir <<nl of hxpluc, il millur tovers tin 
roots c\tenuU\ nor inhibit** tin ipnltrmil ttll* **0 tint tin. 
prcxluclinn of nMit-Inir*- ^och on nmto iioinnll) Trom the 
circumitanci* tint the hxplnl coil« become nnplud tniil onl) 
the reiimns of walls are* bfl in the still Iinum root-cells, Frank 
toncludes tint tin fuiij'ns alter Ihiiii: noun«hnl for a timu by 
the root-cells is nltinmtch ilepnttd of iis lontonts h) themi 
On this account he calls iIkm r<K)ts " funi’us-tnps,” nml thu 
plants possessing them fiin^us-dioe sting plants " It must h<> 

remarked, howe\er, that the fungus grows onwards from older 
parts of the roots to jounger, so tint here, as in nnny otln r 
€ases, the contents ol the hjphae may piss Irom thu older into 
the jounger hjiilme Frank liuiiscir suggests* the possihilit) 
that the roots take up nutriment witliout aid from the enclosid 
fungus, and also that the latter rccnxes Us food paraMitic ill} 
from the former "What adxaiitage the roots ina} receive from 
reabsorption of food, which the} have prexiously sujiplnd to the 
fungus, has not been rlosel} mvestigatetl, nor has tin ([ucstinn 
whether the roots are in a position to noiiriHli thu plants it[iially 
''ell without fungi 

fhe root-fungi of Orchuleae have long been known, ami I’fellei 

'Hruns, “Beitra^ z Kenntru« <1 Oattung Polygaccum," Hotu, 1891 
’Ree-is, “Unteraucli Uln-r <l JliwclitrUffcl,*’ /IjWjoy Hotan I8S7 
’ Jahrluch, XM amt XX 

*rrank, f thrbuck il JJofaiiiL p 207 * fautluirt/i tfafiHur/, IH 77 



in The root of n ti’Cc Ins not onl\ to «ecun. 

uoun^hinent but nl«o the aiul ^t'tbiht} of the tne* 

This htter c^n onh be attained h\ a ukU distribution of roots 
m the tirin sub oil frLe from humus, uhcre noimal ivots uilh 
root lull'' uill be formed The iiur'iii" function of the nucorlnza 
seems thus to be le-'S im|K)rtaut than in the ca«e of 




Ma u \\i l in\f'tiJtatioiis on this '•ubicct " show that imioiust 
tlie ^\mno jxnuous fore t tret s the \bn.lmeiL nlone hi\e i\K>ts 
cNttrnallt tlothed with \ fungus the rtinainuu uroup'' Inn 
all uidoplntic uncoiluzi The •Vbietnieao ha\e froquentli oul\ 
I hm. muitU tf fuiuu'' ou their rootlets and do not pnxluce tlu 
tufts ol slnrt branched roots «;o chancten tic ot macorhiz.! m 
^nenl tinnk doe not «otm to In. iltogelher correct in hi' 
Mew tint the -Ibietnieae are alnio t or quite lucajKible of multi 
plication Iw slip because tliea would then require to exi't for a 
tnm without nncorhizo. Probabla there n some other reason 
for tin because the Salicaceae {rq Poplars) which ha\e typical 
coral bruichoil macorliiza are ilmo t c^cliisiaela multiplied ba 

slips 


*11 \clcr { ‘lib ihe \erwerthunca Hnmn': i>e 
luhrcn len lOi-vnton In-»uc Dj«s. Berlin ISO-'* 
« tiliM tl c soiU-onstituents witliort ail of fungi 
*TuWuf }or<t i nil nr, i'ett*ekn/t, \<S^ 


a i nnhrui g I chloropl \ 11 
Btites tint roots are allc to 
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ui Ml hUv}hj Tche nxUiced foimition of Inir' on their it>ot« w.i" 
noun-hmeut, l)vimu''-hjphie phj 'lolouic lUi root-lmr' 

Thi'« litter cm oj'po-ition to FrmV «:t*\le<s l\iit the non-cbloro- 
m the hrm n'l l!M» nhrt i relitn. of Xo »«ft, =hoi\' no tnce of 





funril In pine al'out u> n'ot- luj yet denxe" noun-hmtnt direct 
from humu< Tlie '•mie author found amonc nxn" of the /fer- 


nn 'fon e free from fun^t md «ouie with the nnd ind 


citn tlie epukcnm full of mjceluun. 


\2) Oa chlO'OpijyUoos plants Uti 2 s aaoagst hscas. 
-Vccordtnc to t!ic inve^tiirition'. of Fmnk ill our EriciCMC, 
tpicndeie, ind hmi'etnce^e, livin" m the humit' of moor, heith. 
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S\MLI0SIS 


in Monotio}m Ttbe reduced foimition (if Inir^ on tlieir loots i\as 
nourishment, In nyus*h} pine helming j»h} siologicaUi ns root-lnirs 
This htter cam opposition to Frank states tint the non-chloro- 
ni the firm i\’'vlhchliirfjtlm, a of Xiottio, shows no trace of 

root ha>’’“ i 



Fto 20— i'jftffia I 

(t Tubeuf ) hot ) 

h)plnc shout its roots, and jet den\es noiuishnient direct 
rom minus The same author found among roots of the />i"- 
Trtnnniarfac, some free from fungi, and some with the nnd, and 
even tlio epidermis full of mycelium 

(2) On chlorophjlloos plants living' amongst humus 
According to the in\es,tigatioiis of Frank, all our Ericaceae, 
i.pacncfeae, and Empetraceae, Inmg m the humus of moor, heath. 
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S\ MIIIOSIS 


m Monohoiia Ttlie ruluced fonintion iif lii'rs on tlieir loot 
iiontKlmient, Inngiis liJv''io '“S 

This httcr cam oiipo^mmi to Frauh, shtci tint the iion-cli 
in the firm n vILchhtrijtlm, a icUtnc of A'ikIIii’. 'how' no trai 



Ftf •»ri_\<o»r'\ IworiB'l 
(\ Tube 1 jhot ) 


fung^I h\plne Tbout its roots «id jet dtrues iiouiishmeut ditcct 
ftom Ivuuxus TUe author fouud -Mwon” roots of the 

■mrtiniincrav 'some free from futi^i mul some oitlv the rtud aitd 
o\ei\ the epidermis full of mycelium 

v2} Ob chlorophyUoiis plants living amongst hamus 
According to the iti\estigations of Fnnk, nil our Encncene, 
1 pncrulcnc lud rmpetneene, luing ui the hiunus of moor, he'^th. 
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SYMBIOSIS 


winch may mere iso to very Intsc tubers, with surhccs resemb- 
ling a bunch of grapes (Fig 21) In the large cells of the 
inulille layers of the pnmav} root-corte\ of these growths 
coils of aery fine fungus-threads are sheltered, these extend 
year after year into the jonnger parts of the enlarging tuber 
cles, and gradually disappear in the older pirts What may 
bo the significance of these structures for plants possessing 



Fl 1 —F 1 a nln Root t terclcs oa tbe Alder (» T beiif j hot ) 


chlorophyll and lurnished with normal roots is as yet imhnown 
VWnts which hue grown well for j ears in watei cultures do not 
show them On account of the cork covering with wluch these 
tubercles are furnished it would seem tint they ^re not adapted 
foi taking nourishment out of the soil 

'Woronm described them fiist on the aldei. Warming on 
I Ineagnaceac, while Jloller proved their fungal origin 

T!ie species of fungi which produce these tubercles have been 



\n»VlN^MVTJS Ol Till AlMl. ITl 


101 


jiro\T‘i( mlU oh Frankia alni (\Vor)on nMir nml 

Frankia Brunchorsln (M**!!) on }fvrim GoU 

HillJur’ I n of c\]'ennicnl‘< •state s ilni fir»l-)car 

alikrp \\itlK)ul tulKTclc* «le» not tlinio in <ojI fnt from miroj.(n 
jKir elo llio\ take up nitrogen fitnii the nlmo«phcrc ulicti 
lio\\c\rr pinNulcel with root iul*erclcH tht\ nesnmlntc nitrogen 
Tlic tnlK'rch'e M«o functionate m nml ^oll nch in inlro^tn 

has llu atn.fl of ^luhlK incrca^siiift the n^^nmlation of llial 
olcnunt The luhcrclc-fuivns is nt fir«l para«ilic on tin nldcr 
and i« «mh of use to the plant after the tnberclts ln\c fulh 
destlojkod 

Mycodomotia of the Lc^minosae 

All I Onnnnmo«ae growing m tlicir intive hoils exhibit thi 
«o called tubercle's Tlio'^e are nccc^^or) fonintions of the 
pnmar) root rind and are furnished uith 
aa'-cular bundles connected nith the root- 
bundles , the^ consist of a cortex of iiornuil 
cells surrounding an inner laiye celled 
parencli} mi u ith turbid cell contents con 
sisting of numbers of bacteria (Bacterium 
radxcoln, 15e}erinh, or Hhuobttnn hgvmxnos^ 
nnfjn, iniih)* 

Frank describes mmutclj the formation 
of these tubercles ^ The short rod shaped 
microbe forces its into a root hair 

or epidermal cell multiplies there, and is 
conducted to the inner cortical cells 
plasma-threads continuous through the 
cell walls A rapid diMsion of the inner 
cortical cells is set up till a tubercle is 
formed, which ma) still further increase 
b} continued cell division from a raenstem 
at Its apex The bactena multiply simul- 
taneously, and are transferred into the new cells where a 
great change comes over most of them, they enlarge verj 

’ Hiltner Ueber tl. Bcdeatnng «1 uraclknollchen v Alnus glutinow ' 
Landmritehajl \ er»titht $talu)»en 1893 

*Vioronin, de Vacad det ta de St PiUrdjfirg 18SC 

* Lthrhueh d Dolanil p 271 



FiO 2" —Rh ol um Itffvn 
inoMmm Root tnbcTcIeson 
Gtniita t nctor n (» Tubcuf 
phot,) 
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sYsruiosife. 


much and become club-shaped or clichotomously branched 
bodies without power of division, which may be designated 
“ bacteroids ” * Brunchorst found the contents of the bacteroids 



Frc 23 — Ml oftium hsKmfno^nniw Root tuberelw oa Mlimo 
(t Yalieuf phot ) 

to disappear at the time of the frmt-formation of the host- 
plant. A small number of microbe-bodies stdl remain, nceordiin. 
to_ Frank's obserr-ations, cipable of division, and these, after 
'Arconlmg to Molkr, thej ..nefergo f.ttj ,lege„er»t,oa 
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111 1 lirciV^iip Ilf till* itiUicli* nil’ll till* 'nil • modis <if 
linii^ iImhiI mu nif'i'tinn« 

Tlic ;:rcil iinjHirt me of iln In!" ml« » nf -,iimiiii''ii moilt 

tint ihc iilmt' Ivpirnc them m npil h nf tAin^ up fr* « •»r‘t 
nilro^en fmm tlm iimn’-pluro nn«l iililiriii^ it ulnh with ml 
the luhcrclc' lli(\ nmM not «1 » 'i* If Ix ^utimio'-ie l>* pimwn 
111 soil ncli til f n^l suh**! iiin a llu tiilinh*! nn 

not c(i Will 

According in '-‘cliiuidtr,* lh« Imaiplmi tm h r tin indmncc 
of ilic iiV > i»»wi prnlurei cillnloa* ttiln >. uhiili hecinm tdlul 
"ith lilt fnn/u*v Acronlin^ P* Ihunnh* ilii't tiiln ^ (niisisi 
of bicttml shine 'ocnlel hi llu /.At Jnnn The ijmltriinl 
li'sut of llu tulK,rcles conai'is of i li*n«' liiu of cork with 
inm\ miercellnl'ir sjnces , this nmii^«incnl »'« sliltd hi 1 ntik* 
to ficihtiii iho u'lnl tnn«i intion* 

n M Uf'»rl1i, «l Wnii O^'ilsSO nl«n 

f >1 J lUii n'ifr huin'lrif, jvsS 

*/Vr f/ */ I ftcA Jofaii (7<<., IsOI, j» il 
^ *Cei/»'nfW y ? ii /', 1^91 

* Ptr il lUtift'h lotan I7<« , 

*^cllnsllc^ »/ th* Tomy CluK IROJ) ^ivea slmrt ntcoitnl of 

•riMin I niit wfem to the tUisf work* on this Rulject (I- ht ) 


PART SECOND 


SYSTEJIATIG AIlllAXGEMENT OF THE CTAT’TOGAillC 
PARASITES 

I THE PATHOGENTC FCKOI OF PL\NTs> 

The ^cgetatl^e bod) of the Fimgi is a tinlloid stnicture 
known as a nijcelium, and composed of one or more lijphac 
The UjpUae are cells include<l in a 6nn wall of fungus*celIuloso 
of ^n^)lng composition, the> grow apicallj, and hence are 
alwajs filamentous m shape In the simpler ca«es, the mycelium 
IS n lion-septate tube unbranched or branched , m the more 
couiple\ fonns, it consists of a system of hjphae diauled into 
cells b) cros'^-<»epta By the union and anastomosing of numerous 
hjphae, a tissue niaj be formed not unlike the parenchjma of 
higher plants, hence recemng the name pseudo-parenchyma 
From this txsue inaj arise distinct structures of maiij kinds, 
such as the sjforophores ot the l*olj*poreae, or strands of 
tissue like the well known rhizomorphs of Agmxcvs vifUai‘<, 
or masses of resting-iuj celiuin like the sclerotia of Clax'iccp’i 
It IS also not uncommon to find a differentiation m the structure 
of the ^egetatl^e iiijcelium in the form of lateral outgrowths, 
of the hypliae, de^ eloped as oi^ns for the collection of nutri- 
ment — the haustona, — or as oi^ns of attachment — appressona. 

Reproduction maj take place sexuallj bj the union of two 
cells or nuclei, the product of which is a spore or zjgote capable 
of germination , or asexually bj means of endogenous spores 
or swann-spores, or by tbe abjnnction of conidia of different 
kinds. Sexual reproduction is common amongst the lower 
fungi, but in the liigher forms, if existent at all, it is aerj’ 




PART SECOND 

S\S1EMATJC AiaiAAGEMtNT OF iHh CllYPTOGAMIC 
PAUASITES 

I THE rATIIOGENIC FP>GI OF PLAMb 

Tiif \egetati'o bod) of the Fungi is n tinlloid structure 
known n& a ni)celium and composed of one or more hjphne 
Tht hjplnt ire cells includeil in i 6rm ivill of fungus cellulose 
of '‘irjinj, composition the) grow 'ipicillj and hence are 
alwi)a filamentous m slnpe In the simpler cases the mjceliuin 
IS a non septate tube unbranched or branched , in tlie more 
complex forms it consists of a 8)stem of h}phae di\ided into 
cells b) cross septa B) the union and anastomosing of numerous 
hjphae a tissue ma) be formed not unlike the parcnch)ma of 
higher plants hence receiMog the name pseudo parenchjnia 
From this tissue ma) arise distinct structures of man) kinds 
such as the sporophores o! the Pol) poreae or strands of 
tissue like the well known rhizoinorphs of Agayicvs melkvs, 
or masses of resting m)celium like the sclerotia of Claiircjn 
It 13 also not vincommon to find a differentiation in the structure 
of the \egetati\e in)celiiim in the form of lateral outgrowth^ 
of the hyphao, developed ns oigana for the collection of nutri- 
ment — ^the haustona — or as organs of attachment — appressoria 
Peproduction ma) take place sexuall) b) the union of two 
cells or nuclei the product of which is a spore or z)gote capable 
of germination , or asexuall) b) means of endogenous spores 
or swanii spores, or b) the abjunction of conidn of different 
kinds Sexual reproduction is common amongst the lower 
fungi, but in the higher forms if existent at all, it is \er) 
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olntin. iiJid rrjhcTl 1\ iiuinmn* mil ftiijjlc\ iikhIi « ff 
o'cxual tiiultiplintii :i 

Tlir Inner fonii' of futi^i ni tht ^inicltjn of tin tlnlhi** iik-U 
< f tt j rodiicljf n nml n 1 ij tali* ii !<• nii aqjntic lift < \liil il <li*tmct 
rehtionOnp willi llit Alpac {•atticiihth uilli tin .St;/ nor/- 
*'jnco tlic fnii;:i do imt r!il< n'j li.'ll llirjr mitnti ii 

cimetl ml \\ tin nl'^orilim <f fr^nnj7c<l nnlcnil in ri 
^iprojlutic or j*an«jUc tmniicr rnri'itic fiin^i nn llic nu‘* 
of mitncnnj^ nnd ilnnptrmiv ili‘ i‘<« <f jlint* wlHmv t!H\ 
unh mrrl} I nn^ nlmtit i duca'/tl cv million if tin nniiml Unh 
Kictcm i n tin Ollier liind wlneli citi‘c m tiniu aninnl ili^t 
*c!(l(jii affect jihnt*' injunomh ^^h^ll iniin ori 

f-tnetU lumlotl lo n pm<itic iinnlt of lifi, n 1 irj.i nuniKr 
nHiinll\ «]>cn(l a part of tliiir hM-» n* *• ij ri jilntc* nml dlitr* 
w\\ miU lo do «o arlilicnUx m nninliM '•ini i 

mukr ‘luilalilc criitlmon^ Tlit lilur nicthoil forint in fact i 
\alualle uni for coniplolin^ our iiii|‘crfict Ivnoultd.c of tin 
life lu«tono« of pan«itic fonn«. In addition to the well marked 
pansitic fun^i, there art mm) «apropli)lic foni)‘‘ which hccdiu 
I^M^itic for a nlatiach *liorl turn or under special condition'* 
of en\ironnient 

The iungi are di\i«ihlc into two lar^c yfOup« the lower 
fungi (I’h)com)coic*') and htglitr (>fieom)cclec) 

The s)stenis instituted 1) aanous in\estigunrs difler not 
a little from each other Time of tlu principal are 


Dr lUrr /or» 

(1) Plocom^cftps (1) 1 }j\c« iinccU •< 

(2) Ustilagmeae (2) M » c« ceten 

(3) Asconn cetes (a) injeetp« 

(•t) Urptlmeae (6) Lrethneac 

(5) East Uomj cptttt (c) Lstihgine^p 

((f) /\»corojcttt~< 


IlULOLI 

(1) 1 li\cf)m\cile'* 

(2) Iliflier Fnn^i 
(«) Me onncitM 

IleHinici — Ileiiul in li 
(t) ^I'coraicttes 
^Iscomi cete'i — 
iinceteH 


^Ve «hall in the present work consider tlie l-ungi in the 
following order 

Lower lungi or rh)Coin)cetes 

Chjtndmceae, /)gonj}cetes, Oompeotes 
Higher Fungi or Jr)Com)cetes 
Ascomjeetes 

Ustilagmeae Uredineae IJasidiomj cetes 



PART SECOND 

SYSTEMATIC ARRANGEMENT OF THE CRYPTOGAMIC 
PARASITES 

I THE PATHOGENIC FUNGI OF PLANTS 

Tjie ^eget'ltl^e body of the Fungi is a thalloid structure 
known as a mjceluim, and composed of one oi more lijplne. 
Ihc included lu a firm wall of fungus cellulose 

of larjing composition, they grow apicall}, and hence are 
nlwajs filamentous lu shape In the simpler cases, the rajcelium 
IS n non-septate tube unbranched or branched, in the more 
complex forms, it consists of a sjstem of hyphae dnided into 
cells bj cross septa B) the union and anastomosing of numerous 
hjphae, a tissue ma) be formed not unlike the parenchjma of 
higher plants, hence receding the name pseudo-parench}nia. 
Prom this tissue may arise distinct stiuctures of manj kinds, 
such as the sporophoies ol the Poljporeae, or strands of 
tissue like the well-known rhizomorphs of Agaiicus incUciis, 
or masses of rcsticg-mj celiuiu like the sclerotia of Claiiccp^. 
It IS also not uncommon to find a differentiation in the structure 
of the icgetatiie nijcehum in the form of lateral outgiowths 
of the h}phae, de\ eloped as organs for the collection of nutri- 
ment — the haustona, — or as oigans of attachment — appressorn. 

Reproduction maj take place sexually by the union of two 
cells or nuclei, the product of which is a spore or zjgote capable 
of germination , or asexuallj bj means of endogenous spores 
or swarm-spores, or bj the abjunction of conidia of clifierent 
kinds. Sexual reproduction is common amongst the lower 
fungi, but in the higher forms, if existent at all, it is icrj' 
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obscure nnd is rephccil h} numerous niul (.oinploN modi s of 
asexual imiltiplicatiou 

The lower forms of fungi m the structure of the tlnllu‘« mode 
of reproduction nnd adaptation to nn aquatic life exhibit distinct 
relationship with the Algae particiilnrlj witli the Sij^honcac 

Since the fungi do not possess clilorophjll their nutrition 
IS carried out bj the absorption of organized matenal in ii 
«aproph}tic or parasitic manner T’arasitic fungi nre the cau'i 
of numerous and dnngcrous diseases of plants, whereas the^ 
onl} rarclj hnng about a diseased condition of the annual bodj 
Bacteria on the other hand which cause so mnii} animal diseises, 
seldom affect plants injurious!} Inle manj parasites are 

strictly limited to a parasitic mode of life a lar^e number 
naturall} spend a part of tbeir hxes ns sapropln tes nnd others 
maj be made to do so artificial!} on niitntivo substrata 
under suitable conditions The latter method forms m fact a 
aaluable aid for completing our imperiect knowledge of the 
life histones of parasitic forms In addition to the well marked 
parasitic fungi there are mau} «aproph}tic forms which become 
parasitic for n relatnel} short time or under special conditions 
of enMronment 

The Fungi are diMSible into two large groups the lower 
fungi (I’h} com} cetes) and higher fungi (JI} com} cetes) 

The systems instituted b} innous iinestigators differ not 
a little from each other Three of tlie principal are 


Dk Baht 

(1) PI \ coin) cetes 

(2) Ustilagineae 

(3) Arcoid) cetes 

(4) Uredineae 

(5) Basi lioiti) cetes 


Zorr 

( 1 ) rincom^cetes 

( 2 ) M^conncete^ 
(a)Basi liom)cete<« 

lb) Ureilnif'*'* 

(c) Xlstihcii e»e 
(<0 A«com)«leH 


Breffld 

(1) Pli) coni)cete'« 

(2) Higher Fmigi 
(o) Mesonix cetes 

Ilemn-^ci — Ileiuiliasi hi 
(6) Jlxcomxcctes 

Ascoi n cetex — B-isid o 
un cetes 


slmll in the iirc«cnt »ork consider the hiinm in the 
following order 


Loner liingi or I’lij coin} cetes 

Chttrulinceio /rgomicetes Oomieete. 
Higher Fungi or \ricoii»cetc5 
Asconi}cete’«. 

Ustihgiiieso Ur.'.liiicse Ici.iJioinjett.s. 



lOG PI1\C0M\CETES 

A Lo\ER Fu\GI (PuTCOilTCETES) ^ 

The lo\\er fnnqi pos'^ess nt least in their earlier stages 
single celled injceln which maj in the hi^hei famihe=« become 
branched Thej reproduce sevuallj h} oospores or zigospoies 
a<5e\uall} b} comdn Tlie Phycom} cetes me di\ided into 
Chytndxaccai Zjjomyede^ and Ooivjcctr 

(1) CHYTRIDIACEAE. 

The fungi of this familj are chiefly parasites on aquatic 
phnts or on landplmts inhabiting moist places Tlie nij 
celuim IS one celled \erj rudimentary or alto^ethei absent 
Vse\ual reproduction takes place bj the formation of zoo 
spoiaugia which usualh produce unicilmte swarm spores bevual 
reproduction is rare and is effected bj fructificition of one 
cell b} a fertilization tube from another , the resulting bodies 
ire zoosporan^ia which on germination set free swarm spores 
Hibeiintion is effected bv resting spores produced from sporangia 
m which the formition of swarm spores is Bnppres«ed and 
which become clothed in a thick inembnne Some of the 
siecies cause interesting defoimations on the organs of plants 

The Chytiidiaccae include the families of O^puliaciae Sjnehj 
tnmeac Cladochytnaccac Bhi uhaccae HypocliyU weeae and Oochj 
tnacrac Of the«e onl) the first three contain species parasitic 
on higher plants Thej occur epidemic onlj m moist situations 
and rireh cau«e great damage to cultiaated plan s 

OLPIDIACEAE 

Tlie whole iegetati\e bodj becomes a single zoosporangmm 
or a resting spore Sexual reproduction is ^e^) i-are 

Ofpidium 

The ^egetltl\e 1 odj consists of a inked mass of protoplasm 
the product of a single spore This becomes latei en\ eloped 
in a thin wall of cellulose ind forms a zoosporiuguim with a 
lon^ neck through which the cell contents are elected as 
umciliite swarm spores The cellulose membnne inaj become 
thicker and a rLstinc spore (sporangium) result which in course 
of time germinates and gues off sw inn spores 

* 111 lio^ni hj — A F «cl er in Pal e ihorst 8 Flora ISO"'* 

Sd roeter in E jler Pm t PJla m/an I ISCf 
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Olpidium brassicae (Woi)* {=Chijtiuh>vi IruK^ictr ^\or) 
CabMj^e seedlings die if this fungus finds its msj into the tissue 
It the neck of the root 1 he sphcncil sponngn urc formed nt 
this pHce snd then long necl s \ toject out of the colls enabling 
the umcilnte s^^ arm spores to escape 1 estmg spores ivith u 
art} thickened membrane occur m the cells of the cpulennis 





Tho iliscisc 19 hvoiired bj iiioistnre iml restricted bj dry 
nirroiilidings Ground subject to -ittuclv sbonld bo jilnntcd 
with crops other tlini etbbuge 

Olpidium tnfolu Scliroet ( = Syic/ylmii. tn/ulu loss) 
Produces defornntion of tl.c kites uud petioJes of Tr,/«h,m 
jfjKM The fungus lues m the cpidernnl cells 

Olpidtum kmnae Hsch in epidermal cells of /rmuo 
Olpidium simulaus Do Buy mid ’ll or in Tururu™,,! 

'’^^'rtiimber of other species inhabit algae spores fungus 

rojceliiiiii pollen griins and eggs of rolntorm 

Ve miicri / rs’w 1 Uolmt} 

1 hotjn f,. ... are pirisitic only on lower plants espec. illj 

on algae 

SYNCHYTRIACEAE. 

The whole inlceluiin diiides up into u number ot sporangia 
which wmaiu togclher as a soma. The winter rct.n,si«ns 
iWowain 1V.SS.I m.gsfrf.*/ 0.0. U"* ‘ Is'ilt"'. H'l- 
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lOS 

oiuinitc from the whole mjcelium or thereof, end me 

I'soUtcd or united into a som** 

Synchytnum and Pycnochytnum * 

litre ns m tne m)ccliftl hjphnc nicwnutiUfi mid the 

NL^ttntuc hodj eseniHs from the spore ns n naked mass of 
plismn which is Inter ouclostd in n mcmhmie llus \egttati\e 
hod\ m\) also dcielop into n sorus of thin-w idled spomnsn 
IhC'C sopainto in water, and each ejects from n pore numerous 
swarm spores with a single long cilium In the o\tnt of resting* 
sports being formed the membmio of the Ncgttntiic bodj 
ht comes thicktncd into n brown c\ost>orc Ihe resting spores on 
mrnnnatioii lihorale their contents ns n single mass, or ns seicral 
roospoixjs In the former ense tlic single innss diMilcs nt once 
into 7oosporos or into a sorus of sponngia, whicli iiUimatclj 
gi\c oil roosporcs 

Ihtst fimgi nro found m the interior of cells cspcciallj of 
the opulenni's Ihc one tell inlmbited b) the fungus glows 
out ns a simple papilla, or stverd ncighhmuing celU nro dso 
modified and grow out along with the original one to fotm a 
^dlhko swelling Ihe sjiceics of Si/nrhiftnum generally in 
lubit the epidermal cells of land plants, jtt disease ciusod 
h) them IS comnionei m moist thin in drj situations Ihc) 
cause so slight deformation and d image to cultiintcd plants that 
tlic) are of little practical imiiortaiicc 

Ihc I’yatochyhiuvi of I)c llari is regarded bj lischer as a 
sub genus bj Schroetcr ns a genus 

Synchytnum 

Iho son of 7oosporangia an. formed h\ direct dnision of 
till nntme spomphon- and are enclosed in the colourlo-'S 
membrane of tlio mother cell 

Synchytnum taraxaci, l>c lUrj and Wor (U S Aminca)* 
This produces, espcci dU on Ttiiaiuctim, wu«\ galls counioscd of 
a di-<eascd cpulcrmnl cell, cnlniged and suiromulcd bj a wall of 

“v-lirtNctcr I filn fjt ^ h tJ it iya« f« / , 1S71 nml in Inqln Piitutl 

IJtan fuftmiltni IsO-J 

lie lUrj nnl Woronui liertthl tl nntfoi^h m titHttnj IsfT 

* IS e 1 r» iv'«c to in h •\tc m thw im iwonW In Sej mour «n 1 Furlon s 

* llr.»t (n tex " f r ^ irllj Amcrtftt , nntixh ll}•<^clex I j (UritiMn) (Wit ) 



less b\\ollen neighbouring epulcniinl cells The Hporniigm contiin 
reddish-) ellow drops of oil, so that the swellings appear )cllow. 
The organs attacked are much 


less 


distorted and more 
stunted 

The same fungus occurs on 
other Compositae, and is pro- 
bably identical with S snn- 
guineiim of Schrocter, which 
produces dark red, crust) swell- 
ings on and 

Ccqns hwinis 

Along with S iaiaoiaci one 
often finds Olpidxum sxmnlans 

S fulgens, Schroeter (U & 

America), produces reddish- 
)eUow swellings on the leaves 
of Ocmhm liemis and 0 
miirimte, \yhen resting spores t*"™.!”.'' 

appear they form brown crusts (v lubcut pi>ot > 

The son of zoosporangia are 

detached from the host-plant as single sporangia, which 
become scattered oaer the leaves 

S tnfolii, Pass ( = Oljndmm. Infolii, Schroeter). is as yet 
little known 

Other American species are — 

S papillatum tarl, on Geranwnx 
S decipiens Furl , on Amphxcarpnca 

S vaccinii. Thomas,' on rnmniitm, GauUhmn, Kalima, 
Bhododendron, etc. 



Pycnochytnnm, 

The son of zoosporangia arc not produced directl) from the 
mature sporophorc, but the contents of the sporophore pass out 
by a fine opening and form a thm walled aesicle. the protoph-^m 
of which breaks up into sporangia 

dchroeter dw ides the genus into tw o sub genera. 

(A) yrcsochytnnvi The discharge -of the original si^irophore 

> HaUtctl ‘ CmnWrry gall fungP.’ , -V Ayrtc CkJL HuUit W D« 

IKSl WUht'P*"'*' 
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'iiul the fornntion of zoo'^ponn^ii tike phce in the celh of the 
h\nu host phnt In addition sport* ire formed which hue 
1 rtstnu period 

{B) Onl) OIK. kind of spore i» formed it Ins i re*tim: period 
and oiih proceeds to produce *on of zoosponnqn after decw 
of the ho*t plant 

(a) Chii/iocli^tinm protoplasm contain* a yellou oil 

(0 arfiytiii 711 protoplasm colourle * 

I-*ich of the e diMsions is *ul diauled into forms with simple 
\c tele and those Mith com]>ound 

Mesochjtnum. 

Synchytnum (Pycnochytnnm) snccisae Dl B-ir\ and ^^o^' 
This parasiti form* i\art\ swellm*^ and \elIow spot* gencnlU 



on the radical leues and lase of stem of Suf to^i ic(n 
Infection is Iron ht about in d\mp situation hi meiiis ot 
smnn spores The e ha\c a smgl" cihum and bore their « ii 
into the ho t cell Vfter entrance lhe\ produce a plisun ma® 
^^hlch Incomes cnclo ed m a delicate membrane The cell «o 
fornieil sprout at its uppermost pole and "iie ri e to a new 
sjhcncal cell into which the older di'chames itself In the 
second cell numerous small sj>ormna are formed so that it 
rejre nis a s|)oranuial soms be ide it is alwa\s found the 
emit% inemlrane of the first cell The «oru» breiks up later 
ml > single spomi'^n which on openin" «et fi*ec their contents 
’•v.Hrtxttr I •ix t nmra«traaQS I rattonc ‘'xnchvtnuni. /' Ir 

r r/oj t l/\ lls" 



ncNocii\TriiM J2J 

as zoospores smnmiis bj mciiis of a cilimn In naibtion 
Kstmg spores are de\ eloped singlj or iii groups 

The first cfftct on the host cell ol the entnnee of n su irni 
spore IS that it becomes distmcth larger At the same time 
neighbouring cells ni-e so stniuilated that thc) inultiplj and 
form a prominent ring slnpeil swelling The sporangia discharge 
their zoospoics on the host plant itself and these piss into 
other cells of the swelling, here thej form resting spot es uid 
the host cells die fechroeter states that the resting spoies ma^ 
lie found from August onwards 

S stellanae Fuck On Sldlana media and S nimoivm 
The reddish } cllow hemispherical swellings are produced on lea\ es 
stems flower stalks and sepals either isolated or as a crust 
The resting spores generall} form brown crusts The host lea\es 
ma} be somewhat crumpled but bejond this undergo little de 
formation ' 

Chrysochytnmn 

(1) iotming simple \csiclcs 

Synchytnum myosotidis Kulm (U S America) The epi 
dermal cells when atticked swell up to form club shaped 
processes while the cells with no fungus remain unaltered 
The normal hairs of the host plant are fewer on diseased than 
on health} parts This pan«ite atticks Bon^meae co Myosotn 
Mncta Lxtho^jic) mum aiicnse 

S cupulatum Thomas produces red eruptions on PotcntiUa 
argcntca and D yn<i octo]ietala diseased cells of the liost plant 
cont un rt-d sap 

S punctum Sorokin On Flnniagt laurrolafn and P vxahn 

S laetum Schroet On Gagca 

(2) lonmng compound ae^^icles 

S aureum Scliroet Attacks man} herbaceous plants as well 
as leaaes of mint shrubs and trees Frequent on me/ m 
^uvxmilarxn Fiogxrxa itc The celh attacked an, swollen and 
enclosed in a patcli of enliroOd nciplibourmg ceIN 

S plllficum Ihomis On / taxtiUa TinxcntxUi The 
t( sides are heim''phcrical and l»ear on their summits a tuft 
of abnornnlh doiigattd hun Thomas* ft uni this sj^us 

‘Clcnlcn ilTofn ral Cn tiu 1S04 p 2^0) mn 1 

ou St Uann inf I fj in A« fiios <t tit ) 

» / r I f nf-rH fornn Cf P- 
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J IIV« OMY< mn 


nil HtcfiiH, r-Ml ilk‘1, ruin il niul f lulino Idvrs, and llonl 

t n\rloi (H 

Leucochjtrium 

(1) I orimn^ “iiniili scsichs 

8 punctatum, SliirKt On (Shiihi jiniiruxiH 
S rubrocinctum, foims littb ml iruptions on San. 

/iiifi iinmulri/ff, till ff*ll flip Ilf i|i( hoHl-]ihnt b coimiv nd 
8 alpinum 'I lininaH On Vt fa fnjlora 
8 anomalum Sfliro*l (U s Ahhi-k'i) On Ailo n d/oi^/in- 
frllnin, li r<iiiinion on IfaHunruhin J imrin, Imp jnnn thidirtravl ■« 
wwA Itinii ! Arrti “ ! Ihf M/t nnd of tin Kwdhn;*^, us ui 11 

us of tin Hpon s an \ir} \nnrild<. 

(2) 1 orimnx <oinj)fnmd \«sicl«s 

S anemones lit I’^ry and Woi <U S Annnci) On 
All linin' II iii)o\ti A rnnuni iiliiiiffii and Thnliitnim /n/r/n/rn- 



M.fit iillitlni^ stilus 1( IMS ur llowtrs ainl (orintii^ tnijitions 
wli 1 “ (ills lontain ii ml Pip In m r> bul casos rrumplin^ 
mil h\m 11 iii„ nl uUnib<il orpins tx<«r 



I'iCNOClIYTRIUM 


in 

S globosum Schroet Where the 'ittich is se\cro. this causes 
pearl} spellings or incrustations , it frequents plants lihe Vtoln 
Galtim Aclnllca, Sonchm, jl/ysofis 

B mercunalis Fuck is aerj common on Mcrcurxahs pcicnuxs 
though seldom injurious to it One sea ere case is thus do 
scribed b} Schroeter In spring the stem of the plant was 
co\ ered b} a thick une\ en glass} crust which in course of time 
became raised into wing like processes running down the stem 
and coated on both sides with white granules of the immature 
parasite, the Icaaes were completel} rolled together, crumpled, 
and coaered with glistening prominences as with fine siher sand 
The plant in this condition de\ eloped poorlj, scarce!) flowered, 
and soon died so that b} the end of September few diseased 
examples could be found ’ 

CLADOCHYTRIACEAE 

The aegetatne bod) is frequcntl) a branched mjcelimn It 
liacs intercellular as a saprophjte or intracellular as a parasite, 
and forms intercalar) or terminal swellings in whicli roospor 
align or resting spores are produced then it disappears Sexual 
reproduction does not occur The parasite lues m and forms 
swellings on aquatic plants or land plants m moist situations 
The genera Urophlyctix and 2*hy‘}o(hnn<t contain species parasitic 
on higher plants, together with the siproph}tic Clmhsporanjum 
these are regaided b) Iischcr as sub genera of Chdochytm m 
and as such the) are also hen regarded 

Utophlydi-i has both zoosporaogia and resting-spores, Physo- 
derwa has onl) resting spores, Chdo’qtoranrjivm onh zoo<»por- 
nngi i 

UrophlfCtis 

The delicite m}cehum is uiibnnched or onh slight!) 
bnuichcd and lues endopli}tic, boring through the walls of 
the host plant At the ]lace whert a luqiha enters a host 
plant jt fornu a swelling or collecting cell (saminelzell) which 
tiunll) biwincs difllrcntiatotl iiitoa larger cell nch in contcni- 
aml nil outer smaller oiu with ftw content^ but with fine 
termuul Initios, I mm the collecting cells new h)phat 
onninU. ami product other collecting cells in ueighbounn„ 
hort ctIK The roo«j>ortnirii wx siiuated out«id« the ho<t'Cell« 
11 
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lHYCOM\Cms 


l)Ut send a hjphal process inside, which branches into a tuft 
of rhizouls Itcstin" spores inij be found, «!C\eral in each eel! 

Oladochytrium (Urophlyctis) pulposum, (Wnllr), causes on 
hues, steins, and llowcrs of Chenopo<huni and Alnplct glass) 
swellings, in the undermost cells of winch aie situated the 
zoosporangia Iho resting sjiorcs have brown shining walls and 
he inside the cells The roosjxirts are uniciliate 

01 (Ur) butomi, linsgen On leaves of Jhitomwi \mhdlatm 
Black spoKS aie produced containing resting-spores The col- 
lecting colls have tufts of hair 

Physoderma 

Xoosporangia are absent Kesting-spores formed, several m 
< ich host cell 

Cladochytnum (Phy ) menyanthis, Do Bar} (U S Anicric i) 
On Icwvs and petioles of XcntjunOtfs tnfohnta this foims 
vesicles containing rcsting-spoics The collecting cells hvve 
tciminal hair*tufts Diseased leaves arc gcncrall) smallei than 
hcilth} 

CL (Phys) flammulae, Bu^gcii, forms little swellings on 
kaVLS of Hannnculus Fhimmnla 

CL (Phys) Knegenanum, ^taguus, causes tnusparent swcll- 
itigs on C<u um Cat in * 

Cl (Phys) mdis, Dc Bar}, on /ns pscHtloconn 

Fischer mentions other si»ccii,s on Settling Ali^mn, liniuinculus, 
IMfntilla nusci Silaus Sunn hti/olunn, Phnlan^i, 

Objcrnii, Sijmphytuin, Mentha Jiiimri, Allimn, etc 

I’ruuct ' describes Cladochytnum viticolum ns the cause 
of the much discussed Bninisurc of vine, aBo Cl mon as a 

Tlic fwimp nutlioiit^ * iU^Jcnaten pTTOCtonura sphaencum, i on 

wlnnt, lieconip r\ nlnimlMit in Soutlarn Frvnct 


(2) ZYGOMYCETES 

Umcclhdar fungi Sexual reproduction docs not take place b} 
the fertilization of an ovum in an oogonium b} an anthcridnim, 

* l*ninft, tVmj-J rfrnt , ISO! *l*runct, Coni/V «>icE, < xx , 1S93, p 222 

’ IViinM, Cempt rf» 1 , 1891, it , p, lOS 
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but bj conjug-ition or union of two cclh of the mjctlmiii 
sep'ir'ited off from the ends of two hjplnc b) tnms\erst. walls 
As a result of conjUgition a zj^osporc is produced which is 
a resting spore and corresponds to the oospore of the Oninjcctes 
Ihe z}gospore puts forth a germ tube which becomes a mycelium 
bearing sporangia on sporangiophores Irom each sporaiioium 
spores never swarm spores are set free germinate and produce 
a mjcelmm Sporangia similar m form to the zygospores may 
be asexualh produced on the mycelium The unicellular and 
much branched mycelium grows into its substratum and is 
nounshed as a lule saprophytically The E itomophtl orcac cause 
important insect diseases on Muscidae Cabbage Butterflies and 
caterpillars of Trachea pimperda (the Pine Beauty) 

Another common group of the Zygomycetes the iTiicorxni 
penetrate into bruised places in living fnnts and produce decay 
(see p ISO) Some other Zygomycetes are parasitic on fungi 
(Cbm hohoht^) some on annuals 

(3) OOMYCETES 

These fungi possess a one celled and much branched mycelium 
In their vegetative structure they most nearly resemble algae 
like Vauchena Reproduction is brought about asexually by 
means of swarm spores fonned m sporangia (conidia also occur) 
Aoxually by oospores derived from oogonia and antheridia 
There are three families of Ooniycetes SaproUgniaccac Mono 
llcphnrt Icae and Pcronosporcae Two of these groups contain 
para'iitic forms f^aprolcgmaccac {c j Achyla prohfera dangerous 
to Fish and Crustaceans), and Perono'^orcae 

PERONOSPOREAE 

Tile greater number of the Pcronosporcae live as parasites in 
the tissues of higher plants and obtain nourishment genersilly by 
meins of haustoria. The mycelium in earlier life at least has no 
dividing septa and genemlly grows in the interccllulir spaces of 
the host-plant and sends haustona into tlie cells Peproduction 
IS Lfilctc 1 nsGxually b> formation of swarm spores m <iporangia 
ami sexually ly means of oospores. Tin. litter are j rcKluced 
from the Artilization of an ovum in an oogonium I v an antfiendium 
whose contents piss tlirouph a fertilization tul>e penetrating the 
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oO;^onium '^alP No formation of spermatozoids occurs as is tlie 
case in Voucheria and otlier groups of algae showing close rela 
tionship to these fungi In certain cases the formation of 
swarm spores in sporangia does not take place but conidn 
are produced which germinate direetlj into a m}celium 

Pre\entue measures against the whole group consist in 
destruction (b} burjmg or burning) of diseased and dead parts of 
host plants w'hich contain the hibernating oospores bj change of 
crop on infected fields, and b} treatment with coppei reagents 
(see Chap VI ) 

To the Peronosporeae belong the genera Pytl t\ m Phytoph 
tJ ra s Pasidioploia Ph'^inopaia Sdciospo)n T’jfjaia and 

7 c onospoia 

Pythium 

The injeehum possesses no haustoria and glows botli between 
the host cells and inside them Cross septa are not pre‘*ent at 
first but liter these inaj be found at irregular mtenals 
PjOni m lues as a parasite in li\ing plants or as a saprophyte 
on a dead sul stratum The conidia are of \arious forms and 
either gorminite directly into hjplnl filaments or dischai'ge thtir 
contouts into a bladder where zoospores are de\ eloped and 
liberated as free swimming spores with two lateral ciha Thi 
oogoma contain only one ovum cell which is feitihzed by mean^ 
of an anthendial tube applied to the oogonium The thick 
walled oo^onia on germination produce hyplne or discharge zoo 
spores 

Pythium de Baryanum Hesse " (Bntain and U S America) 
This parasite is injurious to the seedlings of larious plants in 
^ardens and fields Some of its commoner hosts aic maize 
cloNcr mangel millet and many species of the Cruciferae, it Ins 
uho been found on the protlialli oi Eqix'^tuii and lycoiodii 
It liny also attack luin^ or dead leaies and tuleis of potato 
The sporingii ha%e a lateral beak like outgrowth into which 
the plasma passes and divides into bicilnte zoospores Tlic 

'll I lAi } *ptc cs tic fcrtil zatini tulie remans closed tj 1 la n opora 
fcla 

*Hi>w I jtk ni U Daiyn i Halle 1$ 4 Atk son [Con It L Aqr e 
frpi Sal II 11 01 1S0j( Icscr lies an 1 t cures tl sn 1 otl er f ci caua c 
1> I 'K ft (Hit ) ^ ^ 

*S.xlel'ok \af r/ortrl ] rr amn I n f IS T 
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spoiangn, ho\\e\er, nny first jnss through a resting period 
Sexual reproduction consists in the impregnation of an egg cell 
b) means of a fertilization tube from an anthcndium The 
oospores are formed singl) in each oogonium, and are liberated 
only after decaj of the oogonium walls and the tissues of the 
host-plant containing them After a resting period they pro- 
duce a germ-tube, 1x111011 penetrates into the host- plant and 
becomes a delicate branched colourless intercellular mycelium 
Hibernation is accomplished both by these oospores and by rcsting- 
conidia, mIiicIi remiin amongst the decaying plant-debris on the 
ground 

Humphrey has observed sickness and death of cucumber 
seedlings as a result of Py dc Unryanum Wittmack found a 
species {Py Sudchcd.ianun}) verj destructive on peas and lupines* 
in various localities , it has been observed frequently since 

Py gracile i3 pinvsitic ou algae. 

Py dictyospermum, Rac occurs ui Spirogyra 

Py cystosiphOQ H found ou species of Lcnma 

Py intermedium frequents prothalli of vascular cr^ ptoganw 

Phytophthora 

The ni>celiiim is at first non-septatc thoiigli much branched 
It grows both between and through the host cells, and in somt 
species, {eg Ph omntiora), has small haiistona 

The conidiophores branch and protluce a large number of coiiidm 
or sporangia m succession The first comdia arc terminal, but 
aie displaced towards one side and thrown off bj furtlier 
growth of the comdiopliorc to produce other conuh i 

The sporancia distribute tlieir contents as swanmng cells witli 
two literal ciha, the comdia produce a hjpha directly Jlic 
<gg-cclU arc developed one in e.ich oogonium, and arc fertihz«d 
b) an nnthendiuiu The spherical oospores germinate in spring 
bv means of a g».nn-tubt 

Phytophthora ommvora Delhry*(s)n Ph fuyi.W. Ilnrtig) 
This IS a destructive cneni) to the seedlings of conifers, and evi n 
more* dcadlv nuiongst mturalh sown bccch-«eetlhngs Death of 
the lnHKjli IS juvccdod bj brown spotting of stems cotvleibns ami 
I )«niN X. r f d. Vocrrlu/fiir, |S91 

*11. lUrtiv roiV «. /ayf l*'T5, • 1 * 0 , o„ 

,l /ii»/ VMMrAriK ISSO. 
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tufts, ind form a white border roimdv the brown p'irts of 
the letf, they are monopodiidly branched and produce terminal 
sporangia (gonidia), which are easily detached The sporangia 



on germination either pro- 
duce a \ar)ing number of 
zoospores or germinate 
directl) like conidia to form 
a mjcelmm capable of pio 
ducing new comdia The 
potato disease is distm 
guished from Phytophthora 
omnxiora in the absence 
of sevual reproduction bj 
oospores* It is gcneinllj 
assumed that the mj celium 
hibernates in potato tubers 
from which the fungus 
recommences to spiead m 
spring Boehm ’ liow ev er, 
contests this and liolds the 
hibernation of the fungus 
to be quite unknown ind 
tliat from the tubers of 
rt diseased plant either a 


healthy plant or none at 


all results 


Tlie Phytophthora potato- 
disease IS quite distinct from 
(«) the potato blight oi wet rot wJiicli according to Boehm, is the 
result of closing up of the Icnticds, with a consequent stoppage 
of respiration , (b) haclenosis, which will be considered amongst 
the bacterial diseases of plants 

Lagerheim* has pointed out that Solanum imoicatum 
much culticated in Ecuador on account of its edible fruit has 


been for man) years subject to attack from Phytophthora 
xnjestam f the fruits sicken and rot off before ripening The 


‘TIh is r well known point of contro\er8\ for nn interesting «liscii«sion of 
ich we Moul 1 refer to o/'fro/M ” Worth (i Smith ISSI (Flit) 

*r>oehm, uij^lxr d Zool hotan Get, \i<nna ISOi. 

* rini><a £w««(onniia 1831 
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'^ame author also quotes the disea'se on F!nhn} jn cnriiii'n^i' 
at Qmio, and on Ptti mo Ji/brida at Xrp-»ala 

The potato disease is above all an a=:' 02 iate of moist 
weather In 'inch circomstance'*, the conidm are produced 
lery rapidlr and the zoospore^ readAv di‘;mbnte themselve- in 
the moist soj There is thus CTcater to the potato crop-^ 
on wet soils 

For wintenn" }*otatoes ashe^ltht as possible should b^ cho'^n 
This i«: p'Tticiilarly the ca^^e if the tnhcr^ are required as seed 
ioT the fangii' mytelmm spread-' from the tnher into the 'hooi 
'Wliole tnbcr'- rre less Inhle to infection than tliose cut or 
hrohen Soint larieties (r*} thich slanned) are less eosih 
infected than others such should l*e selected and bred. 

As a prcventne measure the lea\es mav be spraved viih 
Bordeaux mixture or with a copper carbomtt nn>:ti.ie.' I‘\ 
the^e means conidia rnd zoospore® uhich almht on the plants 
•’re killed and their ceniunation ]>retenteil Tlie leave* them 
sthe> reiinin uninjured if tljt copper compound be n^ed dilute 
eaouch Thc»e compounds m >v txtn W \>onihcial to the CTCWth 
of the host plant a« wa« found hv Bcmni“ for the anne and 
Frink '’nd Kructr" fo- the jKtato 

Frank i nd Kniccr found on usinj a twe cent coiii>‘'r 
sulphate and lime mixture m which the co]iper i'- knoim to bo 
tin po’ont cf»u*.tituent that the potato leaves were stronuir their 
dilonqihjll contents creater, their power of assimilntiou rnd 
triispiration wav increased the life of the leaf wa® lenirthened 
"nd the yield and starch-content® of tlie tuher® were incre.i->al 
Tliev reca’-d the effect of tlie copper on the leaf as the result of 
u chenKraxic stimulus 

Ten®"n recommend® disinfccriou of seed potatoes In heatiii" 
at -*0 C fn’" four hours 

Ph. phaseoli Thanor, lives m yoimu bean-pod® and caus»>^ 
them to shnvd up Tlie fencu'- i*- a® yet incomphtelv known 
hrMuz onlv l*e(n ol>®ened m America where Tliaxicr^ rep ut® 
treat destruction of L mn ltt"n {Phavolt « 7i 7ir*i s) near ^»ew 
Hav cii 

■'vf ul^o g 12- Ikiaileil tsjicnment* «* tlii« kuiil a-t fr-wjucii Ij <le<cr»lM^l 
II il e niaraziiir*' rilatinc to a?-iCMltnre lEilit ) 

T'r d. </rii W /y>n« Oft, IHa, P isq 
<1 it'H • / f-can Gft.lVH j S 

*Tli-.rtr- Jliaui'a. Ca^tlr 
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Cystopus (Albugo) 

The mjceimm is bmiched md grows between the cells o! 
Ill mg phnts, obtsming its noiitisliment bj nicins of Innstorn 
liie conidnl cushions rupture the epidermis of the host IJu, 
conidia or sponngn are smooth coatcil, nnd are produced 
ecropetallj m chains on short stalks from which thej fall olT 
separatelj when ripe The sporangia germinate nnd discharge 



SAN'inmiij; sj>orc«i vith two unequal Hunl cilu The cell*- 
pioduccil m cich oogmnuiu an. firtihzi.tl an antlitrnliujii 

Tlic thick w alliHl coc^xires r«nnm m the iiittrctllnl ir 

pj\ices of tlie l)ost tissue niul on gennimtui^ in iJiK'Inrf.t 

sw irmuif* ‘spore's. 

Cystopus Candidas (I’lrs) Whitt 1 n*.! Tliis fun^Ti^ 
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IS vet) frequent on 'WJtl cuItiMted Crucifene throughout 
the whole world -ind causes deformation of shoot leaf and flower 




F is •- » I 

Irif 1 i.c • 

• m wl t 

vrarhol bv I I n «.> 

Tin- conulml cushions form thick white stripe-^ with n porcelHneous 
npjHjamnce b\ which thc> ore exsd^ distnif,ui«!hed from thc. 
cushions of 1 TO io<;v m often present on the ‘same plant 
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Besides conidia spherical oospores imy also he present , tliose 
are gencnll} proiluced on the steins of the liost plant, hut nl'io 
on flo\\er stalks and oiarj walls 

The sphencal comdm ari'^e in simple chains on short com 
diophores, and are loosel} connected bj tmj intermediate cells 
The conidial cusliions rupture the epulerrois and the ripe eonulia 
fall off to produce hicihatc swamimg cells (Fig 34) Thc'ie 
gne n«e to germ tubes which enter tlie stomata of «eedhngs and 



Flo 80— Flo^' 
»«oUc 1 cent ll-vl ' 
liruns pi ot ) 


of nidi 1 ln*Ttropned 1} * 

»1 lotin occ py’u e * Uivr 1 r«OiU top l» »i t o 


<le^eloi. to mlerccllula. liijcilii line fl.on lot. ml tKv- of 
t.lnch incree the noli of the hootclh oml Icti.c htth 
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swarni^spores which escape from the enclosing coats and germinate 
on seedling plants. 

De Bary * found germ-tubes of 
Cj/^fopits entering all the stomata of 
Lfpitlinm s^tiritm and of Capsctla, 
but they only developed further if 
the part attacked were the cotyledons. 

Magnus- observed an infection of 
Jiaphanus BaphanNrnm in which the 
unopened buds were infected by swarm- 
spores. Oogouia may be found in the 
flowers of this same plant, whereas 
conidia alone only are present in 
Capvllti. 

"White rust is most commonly 
observed on Citp^Iln, causing slight 
local swelling or marked hypertrophy. 
It is also found to injure radish 
{Unphanus satitus), horse radish 
iC«h!faria armorach), cress (XcpWf»ni 
vrtirjfw), species of cabbage and 
turnip {Dra<i$ica .Vap»'% Ji. niffra, B. 
liajHt, JU. iitnwa\ wall-flower {Chdr- 
anthva Cheiri), water cress {KasU'rtinm 
nmphibiiim, etc.), ca]>er-plant {Cnppfiris 
and other wild and culti- 
vated plants belonging to, or closely 
allied to the Cruciferae. 

Wakker* investig:\ted the changes 
brought about on a number of Cnici- 
ferae by Cf/^hpvi. Some plants showed 
liltle or no tlefornration or anatomical 
alteration, others showed mucin While 
the anatomical changes in the various 
sjiecies examined agreed in general, 
yet some showeil a predominant or 
exclusive fnrmation of conidia, others of oospores. The changes 



Flu. ST — 

»i5li " tnJertnMute rtU*. 


' Mx,rj-\olo-jy amt ISkic-jy of F*nyi^ English E»lUioii. 

ft I'crctn* if, Pnr, Brao'foil/un;, xxxv. 

’ rrinji\tinit JaM^veh, 
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obsened on CnpscUa im) be Rumnianzcil htre the fung»s 
attacks all p-irts nboac ground, nnd causes enlargement* of 
parench}matotia cells , it forms onl> 
conidia , form \tion of cliloroph) 11 is 
increased, the formation of interfasci- 
cular cambium isdimimshcd or nltogetlici 
suppressed , the intrafaacicular cambium 
retains its actuitj longer, accessorj 
lascular bundles make then appearance , *com 

** ’ Qyi'oi lu pOHulaeat (AtterluL-v«nc ) 

no differentiation of tissue takes place 

in the oaarj wall, the sccondftr} vessels remain incomplete, 
and the embrjo dries up 



C portulacae, D G On o/craf«t and /* aaOia (U is Ameritn). 
C tragopogoms, Pers * (C a/nnu/oiMa) (Britain and U S America) On 
Compositae.egr CAamonn7^o, IcAi/^ea, Ciranim, Scor onera, etc Tlie markni^a 
the spore coat take the form of a ilowbli? net arork 
C conTDlTulacearijni Otth {C ipom<wt« pandiirana^, Farl) On Con 
'■ohulaccae (Halsted* guea thia iwone of the caiiaea of rot m sweet ]>otato 
m America.) 

C bliti(Bu Bern) On spcciea of Amaraiitaceae (V R America) 

C leptgom de Bary On Sfmgnlana (BnlainX 


Basidiopbora 

The non septate mjcehum inhabits intercellular spaces of 
luing plants und is nourished b) small haustona The conidio 
phores issue in tufts from the stomata, nnd have a characteristic 
foim , they are unbnuiched willi club-shaped ends from which 
arise leveral slengma-like comdiophores with almost spherical 
comdu The coiuclia or spomngianrc produced in large numbers 
and on germination dischaige numerous zoosporc'i with two 
lateral cilia The oospores art fonnoil singlj in the oogonia and 
appear ns jellowish-browii bodies m llie interior of the plant 
Basidiophora entospora Koze and Conm On Eniftwn cann 
iicnce ^Is/rr, etc. (lint nil nnd U S America) 


Plasmopara. 

The imcelium is richlj brancbeil nnd grows mitrcelhihr 
nourished h} little button shai»cd liau'tnna Tlu conidioj bores 

»M,^nu» I r tt < <* ISOJ. 

*/ if« Ar^n/ nl*^"!***!*" isav |v 33^. 
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arise m tufts fiom the stomata, they are branched in ^a^lOU^■ 
Nvajs and from each branchlct a single couidium is abjomted 
The contents of the conuUa cmei^e ns swarming cells with tivo 
literal cilia oi as \esicles whidi emit a germ tube The egg cells 
occur bingl) in each oogonium and aie fertilized b} an anthendium 
The oospores remain long enclosed in the thick walled oogonium 



1 o 3 —To pmroT CO a linolei(«iU white •jwls o ttcu Ucfk f c 
Irt) wliht ft* of ni llopl om emerge (r TuIh fdel.) 


Plasmopara nivea (Unotr) (Ilntam and U S Ameiici) 
Inthcts great m)ur) on aarious wild and cultiiated XJinbellifcrae 
rj carrot (Pn cif<i Cirofa) parslej iku vt/ni n) chenil 

C refolu vi) 

Plasmopara viticola lierk* Ihe I>o\\n\ or InKe 'Mildew of 

MlUotrnplj I) 11 rj I «/ / » i/jf isrs \ nh /) c J It I 
U«> » CN-I » will ^fxxl 1 lhoe,ri]l} Inll x At nt h I ii nt 
nyro o j ( ISSI C n tc tire otjom It t j <• 1 »ns ISS ‘s j 



tion m raindrops di^clmi-^c 8i\ to eight s«nrmiii„ cells fn in 
which germ tubes grow into the cpilcmus of tin hr **1 j Innt , 
thus the di<!eiee Fprcids rnpidlj dunii„ moist wenther and ii 


! trcno’iioTa nt 1^00 Magnu« II (mala ( orf tt JS'*! M rll 
J ej-OTt tj U i, I) f4 c/ tifnol rt / r IKST n JOK tl 1« < Inl • 
ciccllcnt Rcco ntoftl «n Hew Nrt 1 aw tl I Jfrl Irati • •' 

hh-** r\» art" Irtti ntU j ul 1 I <sl ii tl ^ r I> t« rtr tt r )- l« i 

lullrt n» jii lip lullctin* frrn r’tj'crit ml«l atall tim bi I in tl p 1 ill It 
journal* 

• 'm'j o r an 1 1 «tl \» p xp it a* npciir ni, n parr> Airrian*!*! « fl 
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wet IS ^en favowmWe to it The micclunn is iion- 

^ept ue unci •spreaiK through the intercelluhr «]uces of the liost, 
noun''hi.il b} button-hke hiustona ‘‘unk into the liO't colR 
Iho unthcruhum (.omc* into contact with the oogonium b\ a 
feitihzation tube, which, howc^er, itiinins closed Ihe oo'poR's 
hibermtc. in IcinO'' ami fruit 

rniftifipn^ Ammonncal copper carboinle solution, cm 
eolL'to, or llonlciuv im\ture, prepirtil ns tlescnbeil on p C^, 
tin} be meil Ihc tirtt imiicil solution soenia least liable to 
injure the folnge, the othcn> must, ou this account, bi usu! 
with cire 'Ihc first npplicition is niailc about the tune the 



btincs are well formed, ami the spn)inij» arc repeatLil even 
twelve to tiftceu cUjs, or oftener if tUcro arc heavv runs, till tlu* 
uripts K^m to colour It must howcvei, be remembered that 
spnviugs of this kind do not reach the nivcehum uisulo the leaf, 
but oiilv act supt-rficnlh, KiHmg am developing tcuiuliophorcs 
or conuba which nnv iluht on the leaf Thc'C fmicicults are, 
at the sime tune, lamtdics foi |x>wderv mildew {Uncinula) 

“ Sulpliuruig” a» \ ttmt-ih for this ami the powilerv mildew 
his been recommended bi contmeutal writers,- The burmmg 
of all ihseised vine loucs ib stroiulv receunnicndeel Attention 
also should be given to the cultivation of disease proof v irieticis® 

PL pyemaea (Unjar). On RmuncwUct. u (Brilnm md U S Anurica). 

PL pusilla (fK Ion). Ou Geruunms. 

\\-\N “Fhu.jvh'* ot the cniH. ml tlipir trcetmcul.’ t’,? 

D js of Ijni* , /jrjim h I’ltitu 4 1S>1 

•tXstiiT V\tinluuLoni:n.s,, isai l\ported in Oi {aiihnrth McchetUnlf. 
\ ISSl 

*Milhr<l 1 ( «: Cliip. \l 1 
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PI viburni, Peck On 1 ilurHum (U S Amencn) 

PI densa (Ribli ) On Scroplmlmneac (Britain) 

PI nbicola (Scliroet ) On Itibet ruhrum (U S Americi) 

PL epttobii (Rabli ) On Epdobium palu^trc, nml E inintfolium 
PI obducens (Sdiroet ) On cotyledons of (U S America) 

PL geranii (Peek ) Ou Gerainnms in America 

PI Halstedii Berl and de Tom On Eilpktum, Riulbcciia, Ildianthut 
and main other American Compositae 

Sclerospora 

■M}celmm inteiccllular in li\ing plant tissues, and deriving 
nourishment bj means of liaustona The conidiophores are 
thick, short, and duide at tlieir apices into short broad branches, 
from each of laliich a single conidium is abjointed The conidii 
m germinating discharge swanmng cells One oospore is formed 
in each oogonium 

Sclerospora gramimcola (Sacc) lives in several species of 
Sditna (I S Amcnci) 

Bremia 

J[jcehiim nitercclluhi in 
little button like liaustona 
and at their apical ends 
become swollen in a char 
ictcri«tic imnnei, so as to 
rc'ii.nible a band held cup 
like with the fingers project 
mg stjnrild) upwards, like 
tin. teiitacKs of Tin 

conidii are nhjoinled «ii)glv 
from the icntack like pro 
cc'-'i'' and ,.Lniiuiatt emit 
a lul't a 

dihniii tlim «i'cit 111 their 
c('»t Ou'ijton*' orunntt 

«iiuh in (HI,, mia 

Brcmia lactucae l’t_* 


Inglici plants, and nouiished bj 
The conidiophores are branched 
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nn> C'iU''e considcnble diimge to tlie lettuce {Indtca satiia) 
this btnig esiccnll) the case in France Qhe p^ns^to is ino-^t 
dancerous in forcing houses dining winter or enrh sj rin» and 
spreads ripidl} faaoured 1>} the dninp nlinospheie Ihe -soung 
disca<5cd plants are stunted and take on » pale colour 1-arh 
remoial and destruction of diseaseil plaits is to be recommended, 
also abandounw.nt for lettuce cuUuation of infected hou<5es or 
frames 

In addition to lettuce this fun_us att icks a number of 
Compositae eg Cinnarw Soiclu-i etc 

Peronospora 

The mjcelium is intercellular in Iniiig plants The hanstona 
ma) be simple button shaped or thread like or maa I ranch 
luside the host cell The long aid much branched coiadiophoie'> 
produce conidia «ingl) at the ends of then branches The 
comdia produce a germ tube The oospores arc brown coated 
and are formed snigl} in the oo^onia , thej germinate in spring 

Peronospora Schachtu Fuck* is iniunous to the innei 
leaaes of su<'aT beet and mangold {Bin ii/jnns) while joung 
seedlings are killed bj it The injeehum hibernates in tlie 
roots as }et oospores Iiaac not been found 

P effusa (Gre\ ) Tins causes injurv to spaiach uincia) 
olcTttcca) and other Chenopodiaceae (Britain and U S Vnienca) 

P Schleideni Ung Kills the lea\es of cultivated nnd wild 
species of onion {AUxuii) (Bntam and U S Ameiica) 

P dlpsaci Till Injures stems and leaves of acff 'tglic^fcr 
and J) Fi Uomtm 

P knautiae Tuck of Ajkti and jo<! r isprolallv uloiiti 
cal with last 

P Viciae (Pert) (Britain ami US America) A dan^crou 
species to manv Papihonaceae (espociallj pea^- loms tare 
lentils etc) often cau‘«ing great damage to field ciops In 
recent vears the new fodler plant IjUt/n'c /h t i Ins I cm 
frequently attacked " 

P trifoliorum De Ban’ (1 ntam ami US \meiica) Dis 
imgui^hel from the prtcedin*^ form by it^^ irrc^uhrh imrKd 
‘Kil Eota Zet IS i 
Z I Ifia c tmnlltlg u 

*S itl D a cs of Croj Xonloti ISsi 
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oospore co'\t (oospore* of P iianr Ime a coit \Mth a recuhr ntt- 
\\ork) It occurs on steins, lea\cs, niul petioles of clo\cr«, lucerne 
and other ripilioinceao, often vith disastrous elltct 

P sparsa Ilerk (lliitam and US America) Tins jnnsite 
on the rose uas fu'st obseixed in Lngland It injures indoor 
rose-', causing a fall «if the leaf preceded b^ the appcirnice of 
lihc-coloured spots which on the underside of the leaf, are cloach 
licset with a white coatiu" of conuhophores.* 



P arborcscens (Inrk) On Kim* ami shoots of wild uul 
tultnaiitl iHtjipiis ».'>j>CLtalh injunous to v^nilni,»s of p,arilin 
'•JKClls 

P parasitica OVrs) '' Anurui) Tins pro 

duct' it«.r orlis*. lUformttion <»i nttubiA simis if m iin wild 
iml cuUi\ Uid triicifim Ximiuvi mltn ilnl iljnts tin in • i 
liilK to injuri an the \ iruiiis tf lumijis mil i ibKut rili'h 
i ijK, iiX" w Tni!«iwi r iN > till im,_iioiuiti. It i'* ^.m nlh fniin! 
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•iml branched conidiophorcs lijilit-hroun conidin nn«e from 
their underside Kuincrous oosjwrts iimy he found in the Icuacs 
Kircliner ' ohscr\ed the disease on le'i\cs of four-}ear-old plants, 
yet %Mthout injurious effects 

The following aro other Ilntish or Amcric.in species: 

Peronospora Hcanae, Tnl On /ItiHHiieiilm, U^ofuri'*, ttc 
P. corydalis, Do Il\ On Coryitatu and Ithenti'ii 
P. violae, Do 11\ On tricolor. 

P. arenanae \ar iincrosjinn, Fail On Sitciic. 

P. alsinearum, Cisp On C«m»Or/wi 
P. claytoniae, Far) On Ctnytonut 
P, hni, Scliroet On Zmwjw 

P potentillae, Do D). On Itovictie etj Gctim, Fiu^uriit, .uni I'otriitiUo. 
P Arthuri Farl On Oenothera 



P leptosperma, Do On Comj'osiKe JrtoniMKf 

P. Candida, Fuck On Avdroaacc mid other Priniuhceie 
P cynoglossi, Burnll On C^nogto^inm 
P. myosotidis, De By On and Eelitno^pennvm 

P. sordida, Berk On jViro/Jan« and Ecrophulana 

P. hyoscyami, D By On Toliat-co m America mcl Aiiitnln {Oard 
Chron IX ) 

P linanae, Fckl On Ltnaria 
P gnsea, Uiig On Veronica 
P lophanti, Farl On Lophanfhtt* 

P alta, Fckk On Plantajo 

P (Plasmopara) cubensis is reported^ as causing an extentine and 
destructive disease of cucumbers (C7«cKjni» and CucuihUa) 

P (Plasmopara) australis, Speg On Echnoct/stis lohata and Sicpos 
angnlatus in America 

‘Kirclmer, Zeihehrfl / PfianunliaiilheUen, 1802 
^Humphrey, Jlt^wrl of the Aqrtc Lxptr Slot, 1890 92 

Wassee, 6ar(Z«H<r’« Chromde, Vol XMI , p 6oC, 1695 



IIICHFR FUNfil 


135 


P oxjbapbi, LU JVinl Kell On \irious N\ctigin‘ice'xe 
P polygoni, TliUm On Potyffonum 
P euphorbiae, i ucV On EuphorLia 
P urticae (lab ) On Urticictie 
P eltiptica ilcatli of lilies • 

15 lIiQHFr PoNot (MicosirctTis) 

The higher fungi are lUstmgmMied from the lower m possessing 
1 mjceluun, which, from the first, is diMckd bj means, of cross- 
septn The mjcchum of the lower fungi, though often much 
bnuched, remains uiiicellulai till cross septa arise on fornntion of 
reproductue organs or lu the older stages of the fungus- In 
higher fungi, scptation begins with the first appearance of 
mj cohum and extends acropetallj, growth m length proceeding 
from the terminal cell Sexual organs are without doubt present 
in the lower fungi, but amongst the higher forms Brcfeld bchc^es 
tint the sexual act no longer exists On the other hand certain 
oigans, tound cspecnll) m the lichens lla^c been rcgaulcd ns 
sexual 

Dangeard regards the union of cell nuclei ns n sexual act, 
and assumes its existence m the asci and basidia of higl er 
fungi Ills luoic recent inxcstigations on the nuclei of fungi 
combined with those of Tairault and Raciborshi ha\e laid the 
waj to a new sjstcmatic arrangement* Just as amongst tin 
lower fungi the cell produced hj a sexual act contains a nuckus 
deriNcd from the fusion of two nuclei of distinct origin so amonot 
the highci fungi one also finds cell nuclei derntd from copulation 
The investigations of Dangeaid I'osen 11 agf'r, rairuik anti 
I’aciborsUi, lead to the conclusion th it ♦ a st igo inaj bi 
found amongst higher as well as lower fungi ni which two 
cell nuclei of one cell copulate Ihc colls known us oospores 
w? Ihv Onviijrrln, 7^1 gospoics lil Ihe .tTrJmTivrflrs and 
chlamj doBporcs of the anil ttleutosporis of tlit 

•''limb of IRss 

/)ie /’if f, IP'W , cin t Tlofrl r ~ P/v n morffol titr itrrr (ir-jii 
Ilefl III , IHOa 

HcH.lwl»c» »ur U rt|rt«.l * *mJl I iii»i p^ii n» /» 

I Isoa I’aimnU ant 1 atiU r»ki. ''ur lc« i hmiux 1« Irrlinots 

Jo\T tU / loriKjt?, IsO' 

*UacilK>rsV» Ftom «■ » f*ii fl |va j ( n ]virr »!'« S{ra» 

l«iri.ir U<-Wri*<'ri -livl p) t hWtiontl < 1 n M - » mi-vM » I n» i W»lut>,-.,.-,n,, 

•\ Or«ni»i, >rn Jhol ( o.fmfMnff Isai |v hCi Wap-r Xuclrar UiM.i niii 

11m Hm in ni\cctc»" -iMiifi/* (>r/ ifaiiw |sn 
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Tins oscogenous lajer Ins been mmcd the nscogomum, 'xnd it 
was at one time genenllj bclicaed tint it arose from a female 
cell, the homologue of the oospore of lower fungi, a hjpha 
which applied itself to the nscogonuim was regarded as a male 
or antheridial organ and called a pollmodiitm In other cases 
a thread lihe h) pha w hich proceeded from the ascogonium was 
called a tnchogyne, it was belie\cd to be fertilized bj means 
of certain aerj small cells (spermatia) produced in special 
structuies the spcrmogonia Tliese spermatia though known 
for a long time ha>e onlj recently been made to geiminate and 
that onlj in nutntne solutions Tlie significiince of the pol 
Imodium as a male organ is not necessanl} wrong though it 
ma} he a functionless structure such as wc alreadj know 
anthcridn of man} of the Ph}com}cetes to be So also wc maj 
still consider the spermatia as sexual bodies e\en though the} 
germinate like spores for their ne\cr failing production before 
aecidia would seem to suggest some relationship In the 
following pages wo will speal of these little spores sometimes as 
spermatia sometimes as conidia 

I cprodiiction of Ascomycctes ma} also take place b} conidii 
and chhm}dosporcs capable of germination to form ni}celia. 

Amongst the Ascom}cctcs one finds tin, higher stages of de 
Nclopmcnt accompanied b} an almost complete enclosure of the 
a<»grcgation3 of asci The a«ci of the Saccharom}cetes originate at 
nn\ spot whatoser between the m}cclial threads in Ojm7toascifs 
oiiL finds a loose web of m}cclmm forming a coNcniip to the asti 
in hij,hcr forms an enclosure (spoi-ocarji) of definite shipt is 
developed On this account the forms which do not product, 
sjwrocarps are classcl together as G}innoasci tin, sporocarpous 
firms as Larjoisci Amongst the latter the sporocarp of lla 
hi,,lu r f rms possesses a definite opening from w inch the { ores art 
cmittcil afitr hbenlion from tin. a«ci certain lower forms (Pen 
ornci It) h n t indctsl sj oroc.irp'* but tlu so po*! e s ii > openin^ 
ail 1 ii IS onh nficr tJiti hue ru] lured or deeaitd that the 
sj Rs arc stt free 

I tiTil'OJkSCl 

( Iav vfrlfst tJ Hf ) 

Th asci are jroihKisl o\cr tlie wholt imcthuin «r from a 
^JHcnl a cagtiious j art tf it an I are ii \cr eiicli t\l in a ^J>orT>. 
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Ihe gcnon placed in the Gjinnoisci are Dqwtla'^rm, llrc~ 
Atcox<.\fn, Protomyces, Tajyliiina, P/oa^ru-x, }fa>jnvsidla, 
Saccharomxjcrs, Monoqyora^ Pndotnyces, l^oilocnixsa, Pranodircimn, 
Olcina, Jj'nxr/clhma, A^codetnw!, Gymnoascics, Cfcxiomyccs 

Protomyca, Tcqxhiina, Pjonscus Mmjnv'iiclla, are tiue pira'iit(.‘' 
of higher plants Pnihmycet, Asconha, and Saccliaioviycci occui in 
the ilu\ diseases of trees, tlie others arc saprophytes, or 
parasites on fungi {Podocapsit) 

Protomyces » 

The goinis Protoniyces possesses a septate niycehurn, and 
in tins shows relationship with the higher fungi It is nl=o 
distinguished by the formation of sjMirangia (asci), which lare 
produced in on intercalary manner liXe the ehhmydosjiores of 
the Ustilagineac Comdia are also de\ eloped, which sprout 
yeast like and conjugate like those of many Ustilagincae 
Thus Piotomyccs stands m one direction between the sporangi- 
ferous lower fungi and the Ascomycctcs and in another between 
the Ascoinycetes and the non sporangiferous Ustilagincae 
Brefeld allocates them with the Ascoidea and Tlielcboloic to 
his intermediate group the Ilenuasci Dc Bary {Comimratne 
Morphology of ihf I'ungi) agrees with Fisch in placing them 
between the Cliy tndiacenc and Ustilagineae, but in his "Pextrugen' 
consideis them as the simplest forms of Ascoinycetes 

In any case they do not show aery close relationship with 
any group 

Protomyces macrosporus Ung (Bntun) Tins parasite Ii\cs 
iiy means of an intercellular septate mycelium lu Icaaes and stems 
of Unibtllifi rae, especially Aegopodmm Podagraxia, Chaaojxhylluvx 
Jnrsxilum, Haadam Sphondylvum, etc It also causes injuiy to 
cultivated carrots 

Tlie disease sliows itself e\temally' as pustule like swellings 
on the organs attacked Tliese are caused, as shown in the 
figures by a mycelium which pierces the epidermis, and, after 

'De Cary UnUrsuchungen ub d Brand [ tl t u d tlurch sie tertirsacAfen 
Arajd/nffit tl Pjfan e/i Pcrlin J853 

DeBarj u W oroniii, /7 J/or;A » Phtftiol d Pil El, 1SG4 

X- 1 » { , ”■ p 41 


g einig parasit Pilzo bei 
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distributing itself through the intercellular spaces, stimulates the 
parenchjuua-cells of the host to growth and celhdivision. The 



hiter IS a sccondar) process and OoiiMsts (see I'lg 9) ni the 
fonnaHon of oNcccduinU dchcaie nKmbmues insule the original 
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cell-nucleus This tissue so formed nnj be conijnred to tlic 
nutrituc tissue formed sccondwlj from pirencli}nn ns n result 
of other fungoid discnses, eg in Mohs attneked b} Z7>f>cvs/is 
tiolac If the formation of sporangia ensues in parts nhich 
^^ould normally become collencln ma, tlie tissues tlierc remain 
thin-walled 

The sporangia of rictomyccs, according to De Bara,^ be^m to 
deaelop ns soon as the >oung lea\es and «hoots of the host- 
plants emerge abo\c the ground m spring The sporangia fir«t 



appear as seriea of swellings on the hyphae and are easih 
detected in deformed plants as large thick walled bodies l}iug 
in the interceffufar spaces They are fiherateci on decaj of the 
lio'^t-plant, and in spring the contents snell up so as to rupture 
the thick outer wall, and the endosponam emerges as a \e*icle 
or sporangium into which the protoplasmic contents pass to 
form numerous rod shaped spores The spores are ultimatel) 
expelled with considerable force, and, after conjugating m couples, 
thej send forth a germ-tube which penetrates again into the 
ti'ssues of the host plant 


' De Barj, Btxtmje z Vor/>A « PKynot d Pile, a.ho Botan Zeitung, 1ST4 
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In nutritue solutions gennmation does not tnKo place in tins 
waj, but IS replaced b^ a jeasi-like spi outing of the sporangial 
spores without diajmiction of the sprout cells ^ 

According to Mejer, these sprout-cells produce elongated 
li}pba-lilve cells with winch, however, he did not succeed in 
infecting a neu host plant He also found that spore coiijuga 
tion takes place better m water than in nutritive solutions 
Pr fuscus Pk , occurs on Anemone m America 
Pr pachydennus.Tluun occurs on Compositac esp Taraxacum 
Pr. radicicolus, Zopf* A form similar to P macio’^porvs 
but furnished with coiled liaustona It lues intercellular in roots 
and kills the cells, without, howeicr, causing external hj pertroph} 
Zopf found It m roots of Suftia Ghrysantha and Achillea 
cbjpcolata in the botanic garden of Halle, but the plants were 
not killed, because their roots were not all attacked® 


Endomyces 

The nsci contain four spores which do not produce coiiidn 
The sterile hjplno gue rise to chlam^dosporcs and an oidial 
form of spore 

Hiuhmycc^ ilccipxcns IKcs ns a pansite on sporophores of 
Agaricxa vxcUat^ 

According to Ludwig species of Eudomjees have much 
to do with the shme tlux of trees, wliicli contain in addi 
tiun other forms of Gjimioa«ci, fj Sficcknromyces Lvdxnijii, 
rwZ/rsrfji' etc. IVc shall here de\ote some space to 
the general coiisulcntiou of the shine-flux of luing stems 
This phenomenon remained umiucstigated until Ludwig look it 
up and directed attention to it He found scierol species of 
couvakriblo Rislcinuic mtcresl, the pathological eflects of winch, 
hiiWcNcr rcipuri further iiuc'tigitiou 
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The Slime or MuciUge flux of Trees 
This IS a \er} t-ommon plienoinenon m our a\enucs pirks 
and forests It can be obseraed during tlie peiiod of ic^ctation 
on 8e^e^al species of trees particular!) on sjiots a\oniuled b) 
lemoval of branches b) frost rupture or b) some other cause 
The uound inaj lioucaer be so „row« oitr or oecltuled thit 
at first sight the slime appears to llov\ from tlie uninjured 
bark These slime fluxes arc aerj common on deal branch 
snags and in places affected with sun stiokc or frost wounds 
while I have frequent!) found them on dead tice stools 
and on wooden water pipes where the w itci trickled from 
some fissuie It is tlius probable that the) are alwajs 

produced on the site of some wound althougli Ludwig 
without gi'uig an) details sa)s that there ma) be no pre\ious 
lujur) I Ime ne\ci obser\ed an) case where a tree with a 
slime outflow became sicl ly and died and the cases of death 
recorded b) Ludwig are probabl) due to some other cause 
Ludwig howeier sa)s decidedl) that the white slime flux on oak 
as well as the brown flux of apple horse chestnut and 
others are reall) parasitic phenomena I must sa) lioweser 
that I ha\e carefull) examined the occluding tissues on frost 
cracks showing slimc flux and found them quite health) 

The white slime flux of the oak.' 

According to Ludwig the white slime flux of the oak and 
other species of trees take® place during moist weather and 
from June to September It flows from branch scars former 
frost luptures and other wounded places also fiom apparentl) 
uninjured bail Ludwig belie\es that 'luch wounds aie infected 
b) the agenc) of insects particular!) hornets that the disease 
spreads through the bark and breal s out in various places On 
such spots the edges of the wound are alteinately occluded 
and 1 died again so that a flux wound ma) come in course of 
time to resemble a canker spot Large areas of the bark die off 
and the death of the wood frequentl) follows 

'Lulwi^ (1) Ueber Alkol olg hrango ScHe miluss Icbcn ler Bt me u deren 
n Q«i' o » 1 or prof se ( u mose \ 
fl ss lebender Bau ne 
189 (4) I'oral at 
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The slime Ilux is the product of an alcoholic fenncnt'ition and 
has at fir^t a distinct odour of beer The fermentation produces 
a transparent foam m whicli are found Endomyces ^[agnvsll 
(Ludu ) and a ■)casX., Sacckaromyccs Lvdiugn (Hansen), this latter, 
Ludwig regards ^s a stage of the Emlomycc^ Later a gelatinous 
slime IS dea eloped in the ioam from the presence of Ifucoiwitoc 
/xigcrhcinm (Ludw ) Since this latter plant does not appear 
in the earlj stages of the disease, it cannot bt the causf', and 
Ludwig saj s that the alcoholic fermentation due to the Endomyces 
always appears first , this conclusion requires confirmation 

The milky outflow of trees* 

ToiNards the end of nintcr and in spring a white foamj slime 
flows from freshlj cut birches or hornbeams According to 
I udwig this IS due to Endomyce^i tcntalt^ (Ludw ) 

Red slune flux.' 

Ludwig found on the cut twigs of 1)01111)0*1111 a rul fungus 
which he called Ji/tofZomyf« </rnrfro;)orMr5 Tins in i> occvii alone 
or along with the white flux whicli it colours red 

Brown slime flux.* 

This IS found on apple trees elms birch hoivt chestnut, 
poplar oak etc from spring till winter The slime ludwig 
saj« IS di\ eloped in the wool ami lireaks through causing 
the bark to dica} The wood is dtstnijtd and smells of 1 utjnc 
icid Tlu slime CMitiins micrococci {MioiCTriis den Ir jn rthr^ 

I udw ) uul a firm of T rtdn {T m ndtoides) 

li Tlmrnvii mui) iMiim Irtis (r / chestnuts ajplcs and 
lirtli) an ninrlcl to ha\t beta kdltd fn iii tins ciuet That 
tin. di I'c was rialU llu rc ult «f a l-irtcrnix an I tint death 
was duL to tins sliiiiL flux has m lu 1«. proitd ts lulwig 
huii'ilf «t itcs. 

Black slime flux. 

ludwi.: c«ii"il lriifl\ sum f nus he found in i lUtk 
-litm. fu\ <b <nisl 1 > him in Ittshcs. 
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The presence of i perennating injceluim is the c.iuse of 
man} so called \Mtches’ brooms’ on a\ood} plants In fact, 
the nnjorit} of the structures known b} that mine are caused 
b} species of Ej-oo^hs though these of barberr} silver fir 
Jicacia and buckthorn are due to Uredineae and others arc 
ascribed to mites {Phytoptm) 

Witches’ Brooms (Hexenbesen) are bush} growths which 
remind one at first sight of stranger plants growing hit- 
mistletoe on the branches of other plants The} genenlly 
originate from a bud which has been infected during the previous 
summer, either directl} or through its subtending leaf This bud 
produces a twig capable of ibnonnall} increased growth most of 
Its sleeping buds are developed into branches ind the whole 
s}stem shows mirked negative geotropism (Set Iig 1) The 
spores of the fungus are produced on the ]e<aves of the broom 
The characteristic features of a witches’ broom ire that 
without regard to the direction of the branch on which it is 
borne it is ncgativcl} gcotropic in a marked decree and 
endcivours to develop like a terminal leader slioot that the 
jKiiiit of infection is distiuctl} conspicuous as tlit starting point 
of the broom Sadcbcck reganls an} twig li}pcrtroph} as a 
witches broom even that of Exon$ri ^ To^qinnrtii where there 
is no bisal swelling and the twi„s exhibit onl} ver} slight 
nc,,Uivc geotroinsni 

The forms of witches brooms arc verv varied Vinnngst 
tilt, list known are tlu hanging broom hke mas ts ilevelu|)ed 
fiom buds of the leader shoots (r j on chtrrv trets) As a 
nsult of the rich growtii of twigs and their jirtmaturL ilcath 
mail} of the<5e Inxmis hccoini tingle^! nest hkt ''triictures Tlit 
t\\i,.s III « me art, much elongatctl in olhir-j «liorttned in 
tvtr} ca^e Iiowovlt the} arc abn irmall} numiroiis V« a rule 
tht»ri„mnl Kakr&hut on which sonu lauralluid Ins develoj^d 
into a VMtehos Irooiii <hnveJs up and die its Kiilcnt'* Ixiii^ 
IS It Wilt all orUal bv tin, liV|»trtroj hicil IraiiclK' Otlnr 
gtiicrd fiitun* have almlv th cu ■-nl in Tart 1 of 

till' IxKlk 

''tiiilh’ fouii I llial the f nil tf the wilcla-* I room i^ nut 
dittnnmcsl «\c1u<im1v Iv ilu fim^uv The jKrciirntin^ in> 
ttlnim in lotsl ihe 1 r-t toward* us f nuaMon 
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116 ASC,OM\thTtS 

but it IS completed b) tlie weight of the broom it'self, tlie 
txces'sue de\clopmcut of sleeping buds, and the premiture 
death of twigs Smitli also inxestigated the anatomical chinges 
occuiing m witches’ brooms aue to Eton’iceae From his 
resiling we select the lollowing “In a witches’ broom the 
increised thickness of the twigs and branches is due to a 
propoitioinll} greater increase m the bark thm m the wood^ 
the hipodenii, especially, hunig its cells more numerous and 
larger, while their normal arrangement in longitudinal rows 
IS lost The cork cells aie enlarged and retain tlieir plasma- 
content longer The phellodcrm is better dei eloped In the 
sclerenchy ma ring the primary bundles of bast-fabres are smaller 
and furthei apart from each otlier, or the^ may be quite 
absent, the bast fibres are shorter and ha\e thinner walls ^ 
sclerencbymatous cells are more numerous, larger, and ha\e 
thinner walls The phloem is increased chiefly through enlarge- 
ment and increase in number of its medullary rays, plilotm 
crystal deposits tend to l>e multiplied In the wood, the parts, 
most enlarged are the pith and medullary rays , tracheae are 
more numerous, but their component elements are shorter , the 
wood fibres ha^e thinner walls, wider lumiua and are often 
chambered , the normal course of the long elements is much 
disturbed by the greatly enlargetl medullary rays 

Sadebeck has recently diaaded the paiasilic Eioasccpc into- 
these genera (< t ) MagnmicUa, with asci isolated on the ends 
of mycelial threads which he between the epidermal cells , m 
the other genera the asci anse from a subcuticular hymenium 
(&) Taphrxna, wathout a perennating mycelium , (c) Eioasci'^, 
with a perennating mycelium, (rf) Taphrinopsxs may be taken 
as another genus. A$comyecs he does not reckon wath the 
Exoa’iccac 

Brefeld divides the fimily luto Eroa*cuj with eight spores lu the ascus, 
and Tajyhnna., with four-spored asci Sadebeck shows, however, that 
eight 13 the normal number of spores id all the species, and that variation 
therefrom 13 frequent, four or more spores or umiierous comdia being 
formed 

Schroeter separates the genns Magnuaiellii, as Sadebeck has done, then 
di\ idea the remainder into Exoascut with eight spored asci at time of 
maturitj, while those with many spored a'mi are placed under Tail no- 
(the older name gi\en to Taphnna) 
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According to Sadebeck, the Eroasccac inaj be diNuled as 
follows 


Exoascus 


The mjcelium percnnatcs in the tissues of twig or bud The 
subcuticular mj celiuiu is developed from the perennatmg one, and 
becomes completelj diiided up, without any differentiation, into 
ascogenous pieces The species are all parasites and produce 
hjpertroph} of lea\es, flowers, and shoots 

A The mycelium perennates in the inner tissues of the 
shoot. Thence, in the next \egetative period, it sends branches 
into the leaves m process of development, at first into the 
inner tissues, but later subcuticular for the formation of re- 
productue parts of the fungus 

(1) Asci developed in the carpels, winch m consequence 
become hypertrophied, asci with a stalk'Cell E pn/ni 
Fuck E Itostntjnnnus Sad E communis Sad E 
Fa^lov.11 Sad E thtztpcs Atk E longipes Atk E 
coufusus Atk E ccculonxophxlus Atk 

(2) Abci developed onl) in the foliage leaves 

(a) Asci with 8talk*ceU E insth/tnc Sad E eerasi 
(Fuck) E nrtM«s(Joli) E rff/omn»n (llcik ) E 
dcexpwis Atk E acermwi Fliass 

(i) Asci vMthout stalk •cell E pHJ7)jn(TSfras (Ell and 
Ever) E aescuh (Ell and Ever) 

(3) Asci developed on leaves and fruits 

(a) Asci with stalk'ccll K mxrvhxlis Atk 

11 The lujcelium iiercnnatcs m the buds of host-plants 
and issues thence in the next vegetative jienod to develop m 
)oung leaves, sul>cuticular onl) 

(1) Asci oul) on the foliage leaves. 

(а) Asci with a stalk-coil E cratargx (Fuck) E minor 

Sad E To'-qutnrtxx (Wc’^t) E rpxphjUtix Sad E 
turgxiJiix S<\d E (I*o«tr ) E (Joh ) 

(б) A«ci without a stalk-cell E cnrjnnx Ilo«tr E 1‘aeim^ 
0 7 vn;it(< (Joh ) E A'n/cAu VuilL 

(2) A«ici on c.ar]Hls, without 'talk-cell E aim tncanar 

Kuhn E Sad E na (lolt) 

(3) Mvcclimn cro\\« intercellularly E <\mu cem Gie<li. 
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Taphnna 

The whole mycelium is subcuticular and difreientmted into 
one portion which remains stenle and into an ascogenous part 
Perennation of the mjcehmn does not occur I lie species pro 
duce spots or hypertrophy on leaves or carpels 

A The fertile hjphac are completely used up in the for 
mation of the asci 

(1) Asci with a stalk cell T hullatii (Berk and Bi ) 

T osbyac Mass f Sadchcclii Joh T aurca 
(Pers ) (may also occui without a stalk cell) 

(2) Asci without a stalk cell T Jihcina Piostr I 

2ioly^ora (Sorok) T Joh T cocnilcsccm 

(Mont and Desm) T xirgtnica Sejm and Sad 
T extensa (Peck ) 

B The fertile hjphae are not completely used up, asci with 
a stalk cell T hetulat (Fuck) T ulmt (hnek) T edits Sad 

Taphnnopsis 

Mycelium and hyinenuim de% eloped only inside the epidermal 
cells T Lamcncta Giesh 

Magnusieila 

The mycelium inhabits the inner tissues of living plants and 
IS always parasitic Asci aie formed at the extremities of 
branches of the mycelium either between the epidermal cells 
or between cells of the inner tissues The asci contain more 
than four spores which generally produce conidia inside the 
ascus The species generally cause leaf spots more rarelj they 
ippear on stems 

(a) Asci without a stalk cell 1/ poteniillae (Farl) M hit 
escens (Piostr) IT flava (Farl) M githayxnxs (Postr) II 
xivibelhferarum (Eostr ) 

(ft) Asci with a stalk cell M fascicidata Lag et Sad 

Giesenhagen (loc ext ) comes to the conclusion that the species 
of the parasitic Exoasceae have developed from a common 
ancestor simultaneouslj with the species of the higher plants 
inhabited by them and that the development of host and parasite 
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has progressed side b) side He sUo^^s that Exoisceao, li\ing 
on related hosts, agree so closelj m their ascogenous forms, 
that it is eaident thej arc genencall} related species On this 
ground he sets up a genus containing manj species, and names 
It Tuph xna According to the host plants, this genus is 
divided into four stems, and from it twent}-fi\e species are 
separated off as the genus Magnvsidla Giesenhagen’s systematic 
diMsion, gives a s}nopsis of the host-plants and their distii- 
bution as follous 

I Genus Taphnna asm club shaped to c) Imdrical 
A Fihces stem on Ferns asm slender, club shaped, tapering to 
both ends, rounded apex, greatest breadth in the upper qu irter 
of the ascus 

T cornu cervt (Gicsh ) on A$2ndium anstatnm in East 
Indies and Poljnesia 

T Jilicina (Rostr) on Asptdvm spinulomni in Scan- 
dinaaia and lUlkan-peninsula 

T inurcncKt (GvesU) ou IHcrxi ^uadmimfrt in Ce)lon 

T fascxculaftt (Lag et Sad ) on Kcphrodium in South 
America 

T Inksccnx (I’ostr) on Asptdtiim Thchjptcn^ m Denmark 
n JSdula sleiii on Juhjlorae asm plump cjlmdncal with 
rounded ape\ or eien a slight depression there 

(1) On [/Imnccnc T vhni (dohnii ) on l/hnvs vwutnnn and 

caiiijKstrvx m Central Liirope and North America 

T crllt^ (‘5'id ) on Crltis oudrali’i m North Ital^ and 
^witrorland 

(2) Ou U tulncfar 
(fi) On J> li'ln 

T olptiin (Julian ) on 7. mna m bcandinaMa 

7’ Jioiio (Toliaii) on 7> iifinn in Scaiulumna. 

T (Tolnn) on 7? rrmoaiw Ji jniU-^cnis and H 

tiirJfstimm iii Central Kuropii. 

T 1-ftilini (Ih»lr) on Ji jndf’ren* niul h tdonilo in 
Ginnain, Dinimrk nml Scandmaiiv. 

T mnioj (Johan) on It odirmta J! J, until, 

7« in Scandinaxii, TjtoI, and Sil«^«ia. 

7*. /or/fnu<2vrriifm (lohan) on 7? tiana in ‘SranJiuaMa 
and Gnvnlsnd 
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T. til«l/j/t<T«'(Jobin.) on FrutUi /nvjft'i » xilul-7' tloun-^hrn 
m EttTopt', and P. an Non^i j 

T ifrctjnais (AtV ) on PnnK rnrnvn iji Xurtli 
America, 

T c^ntu (Sad.) oa Prnm * Cirvr-i. nncI J’ C]iinn<i(tn<i‘-i ^ 
m Europe, and P rtrirti m Aiuenoi 

T. pn'iw (TuL) on Pnnxt -r/s-'i a und P I'adu m 
Europe and North America- 

T. nnroi'i/w (Aik.) on prx^^x-t ft ’iPifu'ic P horitl'iK 
and P. um/TtwB/i m Aiu^ioa 

T Ptrlmm (Sad.) on Prvnf^ j^/'nk'i in Xortli Aiui tj' 

T confv^t (Atk.) 03 Pr,uit ■ci''i! nii'iu in ^ ui 1 
America. 

T Po-'-irvjnnnn (Svl.) on P/vn*- yj mv in i..ui i, 

T commvmx (Sad) on Prt'/M /<"/«'</ P j ' J 
•tuxcricfinn and P. ntyrrr jn Aia* u 

T lonnU^X (AiV,\cin PfTinixftvi/r.x m in ' ./ 
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Tlic Iln^nvrar Tm\ l»c cmnpetl accordiii? lo ilic 
of the di'ipasf' iiroducccl a«^ follows, for this purpi-e v.c shill 
c1ss«; nil the spociO' ss ono cenus, (or TojiJnvn) 

1 Spocics which const, tleform'ilion of the o\'nj or other poit 
of the fruit 

T, prinn (rnch ) <m PrimiK. Himr-itirn I\ Vnfh's, J\ ut^ 

fjinifnin 

1' Txo-^fn pinvv<. (Sodl on P inv‘i 

P romiHvnjs ('^'id ) on Pn/ni't pvimlln, 2\ vtnnfniyrr, P., 
vtqTn P nvuttrnvn 

P Pn hyt’n (Sid) ‘in-'iv^ Ath) on Pnniv’i tr otmn, 
CAusinq also dcfornmtion of rwitjs 

P /i)»/ 7 y»c<. (Ath ) on Pmnvc amf'iroun 

P rnii/z'M/s (Ath ) on Pruntit nrqvmnnn 

P T]i\zxp s (Alls) on PnniiK. inflmn 

P rro'hmnpynliic (Ath > on insoct-tnlK on the fnnts of 
Pjinivi Txrqiniftna. 

P nnro/i/w (Alh ) on Priniv^: njiqt'^firnl/n, P ho fi'lnun, 
P nvxr •7f/THrt 

[Also species on Pruvtif: s.vhfo /Iftfo P Chensn, nnd P 

P nini itxranr/r (Knhn) (P omrntojvvi, Sul > on Jihivc 
iiirnvn 

P flirt qhittnov/r (Tnltcnf) on Ahiv^ qlvtino n 

P J?t7nJ)'0«//T«;/« (Gicsh) on A}nt<. inronfr 

P -Johnti^finn (Sid) on Pojttlif^ fuwvh, 7' f niiiliiflr<t P 
qrnvehflmfnfft 

P ihtzojihoni’i (.Tohan) on Pt^thi^ aJln 

n Species 'winch (l)pTOflncc witches’ hroouis or (2) nt least 
w.’isrt At^'Cfr.vA’i'jriT* rX sYiTirfts-^ Tisa rat ‘Ait- "ii'-i'ics 

(1) P (piji7it7/i<s (Sadi {P l>orinh<. .Tohan) cm Alnvt 
tvenun (uniform cToy coatin" of nsci on hoth sides 
of leaf) 

P tnrqulvt (Sad) on Jliivla ioti/rosa (coatinc of asci on 
under surface nccorapamed hr shcl^t cnimplintr of 
Icrf) 

P hcfi>7inir<< (Hostr) on P jw/7«fwnt and P oiJoiata 
(coatm" of nsci on under s^^face^ 
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i' alpinns (Johan ) on Betvla neC»a^oatmg on under 
surface) 

E. cai'pint (Eostr) on Carpinvs Iktulv'i (coating on under 
side, and crumpling of leaf) 

E ccjosi (Fuch) on Pmmis and P a^ium (coating, 

chiefly on under side, and crumpling of leaf) 

E imititiae (Sad ) on Prumis Insttitia, P domcsltca, P 
l>cniwjhanxca, {P s^nnosa ?) , (coating on under side, 
and crumpling of leaf) 

E. acerinvi (Eliass^) on Acer 2ilala}iotdcs , (asci on both 
surfaces) 

E acscidi (Ell et E\er) on Acscuht^ cahfoinica, (coating or 
both sides) 

E Krvchii (Vuill ) on Qnerct«i Pco 
E corxiv eel'll (Gicsh ) on Asjndtnm arntaUnn 
E Lavrcncin (Giesh) on Ptai^ quadnauiita (with deformn 
tion of lea\es) 

( 2 ) E nnnvs (Johan) on Etlula itann (white coating on 
upper side) 

E hactcno^pci'inv^ (Johan) on Jlctida ««»« (coating on both 
suit s) 

E deapieits (Aik ) on Pninus amenatva (coating on both 
Aides) 

E (Ell ct E\cr) on /iViws topollvtn (ermn 

pling and red-colountion) 

E To<>2iiinr(ii CWcst ) on Alims and A ylvt x 

incfTHfi (large blisters mul clongrtiou of shoots) 

E prinn (Fuck) on Pninv<t domr^ticfi (bh'stcring and cnini 
pling) 

E mxiwr (Sid ) on Prxtimt 

E J«-/oriii<iHi iterk on i'rsim and Axn*tjdalv< 

coii)xnxi7iX'> (blistering and crumpling) 

E crntnifft (Fuck) ou Cmttifjvs Orifiicfixxthn (sjwts and 
bli«ttrs on tin leiic'*) 

F (Atk ) on Pntnxis tingndt/iJm, 1' hi rtuhinn, 

P imirncinin (on twi^ and frmt'l 

E ffUit (Sid) on Ciltis «a^rrr/iv (brown «jhI«) 

E (l!<i*tr> on .■f7ro<fffwwm Giifnp 


« Cimvln ;.f Had Hat-l 20 
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ni Species which i)rojiuce (1) pustiilc-hkc oul^'rowths, (2) 
Itftf-spot, or (3) Binootli contnij'H of iirci 

]' (tuKm (I’ors) on Popitlus nvjra (incl jn/nnujilalis) 
and i* iiionthftm 

}' yw/ysywjjH (Sor) on Aen turtanenm and -/ Pt,evtIo- 

JC hitl!alii<i (llerK ct 111 ) on Pyriis commnnt^ and Ci/donm 
jnponiat 

K noMHs (Johan) on Jtttvln nunit, ]i iMlmatn, and Jl 
tntn vHihit 

Ji (v< I iihscois (])o<’ni ct Xfont) on Quinns jnihtwn'^, Q 
•us^tl}jloiii,Q Cnn‘t,Q htinifolui, Q luhuf, Q timtoiia, 
Q iiqnittuit 

K Hmhhnl n (Tohan) on Ahius tjUifmom 
K (luck) on U(\MiS (luniicsUis, If. 7non(ii>t(t, ami Cf 

(DHirntnin (spots and bhslcrH) 
iv I in/iJiKK'* (So\ ot Sad) on 0'>ln/ii myinicn 
K iiu’ifi(i!i'> (Atk ) on Cttijntim amr^ruitnui 
A' (I'ostr) on Aynthnm yminlo'^im 

Ji potaitillar (I’arl) on PotfutiUa qoulc<, J* ciniiirhnsi's, ]* 
•iyliah /> 

K iulhmums (I'ostr) on Aiiiostiuona Githnio 
P InliMiH^ (Hostr) on Poh/^tichnm Thrlyiihri'^ 

P umhillifiniitan (Host?) on JfatuhuM Sjihonth/hum, Pin- 
mliinim jnihtsl), and J* Ono*.thinnn 
P O'.tii/iie (Sfass) on Oftyii ciitpniifolin (brown spots) 
P h<tiiliir (luck) on Jt^lula tu/iiuK/, Ji jmhrinis, Ji 
tmU tanreu (wlutisli sjiots) 

Ji jloiKs (lari) on J>itiiln jHqmhfoUu, Ji jutpiinmn 
J' 1111.1110111% (Mass) on -l«»i uimjwitii and A J^'.nuh- 
iJatnnus 

Ji fusucuhttus (Lag et Sad ) on (whitish spots) 


'llio following are some of tlio inorci impoitant species of 
IXoasccae 

Exoascus pruni Tuck (rocket-plums) 'ihis attacks the 
ovaries of Prnnus thmc%tiea (plum), 7* /Wifs (bird chcir}), and 
P xnqimanu, causing the mesoenrp to giow rnpidl}, wherebj 
t)io fruits increase in size and become much changed in form, 
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while the stone, including the embryo, remains stunted. (Fig. 
49.) The “pocket-plums” (fools or bladder-plums) dry up, and 
remain hanging on the tree till autumn. De Bary found on 
the plum a withering of calyx and stamens resulting from the 
development of the hymenium of this Ejociscus ; on the bird 
cherry, according to ilagnus and Wakker, enlargement of the 
stamens occurs. Sometimes a considerable thickening and 
twisting of the young shoots takes place, and their leaves 
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The inj cohum hil>omatos m the «oft ba«t of the and 

procmls ihcnce in “pniig into joung slaxits and oNnncs. 
Acctmhng to l)e Bin', tlie uifociotl oiani-« double tlicir «ize 
in two di}*!, nnd lire full grown in cuhl dijs. The a^ci fonn 
« clo'O laicr uiuUr the cuticle of the oiary, uiul fnully 
niptmv H 
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Exoascus Rostrupianus Sad. This fungus causes "pockets” 
on Puinus sinnosa (aloe) similar to the preceding species. 
According to Sadebeck, the asci in this case are more slender. 



Fin 4? — A.r 0 (ii«u( } runt Slilformed Fio 50 — fjoateuiprvnt on twl^of FniM i 

Plutns— < pockot pltimi od« vhich It cod of Jul?) Four of the oTarlco 

Cut aliowf tho rudtmeotar) atone arenalfonocd (t Tuheufdel) 

^ intiiral elJ’e (» TuUuf phot ) 
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Exoascus communis S-wl This produces pocket plums on 
J^runiis amcricana, P pumiln and P mantima in America 

Similar “pockets also occur on Primus siibcoulata, P Ghxcasa 
and P jfcnnsyhanxca, in America, as a result of some Exonsem 
Exoascus Farlowii Sad produces similar 
ileformation of carpels and floral envelopes on 
Primus serotina in North America 

Exoascus Johansonii Sad produces carpel 
enlargement on the female catkins of Populus 
trcnuila P trcmuloides and P granduUntata , the 
contents of the asci are yellow (Fig 52 ) The 
anatomj of the deformed ovaries lias just been 
described bj Sadebcck.^ 

Exoascus rhizophorus lohan causes similar fio s — sxoateui 
enlarsement of the female catkins of Populus Poruiunrtnuia (*" 
alba 

Exoascus aim lucanae Kulm {Ex. umcntoi um bad ) This 
species IS readilj distinguished bj the absence of a stalk cell 
on the asews It causes increased growth and enlargement 
of the seed scales of alder Catkins the fruit itself being seldom 
attacked The fleshy bladder like outgrowths at first appear 
as little red processes , later the asci are developed on the 
outer surface as a whitish coaling On manj of these red 
processes maj still be recognized the trifid apex of the noninl 
scale (this is reallj formed from five smaller scales fused into 
a single large one with a trifid apex) A number of these 
led outgroutlis ire gcnerall) j»rcscnt on each infected catkin 
)lI the alders continue to flower Mgorousl) ivtij jear 

Wiikkcr* m investigating the analomv of the deformed scuilcs 
foun I tliL follow iiip, alteration** — the scales are increased to muij 
times their original size and coiitam two cavities all parenclij 
uvatous cells l»ec uwe rv gul \t an 1 vso-vliamctnc hgnific.xUon oi 
the thniems of the vv hhI is more or less interfunal with and 
fewer wiwxl libus an. prodiicetl then, is an acciimnhtion of 
trui'ilorv **latTh 

Exoascus aim glutlnosae Tubeuf Thi» is a new Sjn-cies 
di'iiivin-h(sl l\ V Tiilnuf m 18*>5 It otiurs m the '■'uKtic 
moimtams luilv Denmark an I ''wedtn on 4lti s fUtins^t 
Its Inllt Is simihr to ihil of i r h/mi inru ir 1 nt the a'^ci 
•mUIwvV lilcnterrl 4 p. 144 * I'n» • 4 1*‘'>Z. 
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contain only coniilin, vrUcreas those on ^i?vvs-tiican<i arc said 
by Sadcbcck to contain only nscosporcs, unless on very rare 
occasions. In the lower and higher Alps, although both species 
of alder arc not infrequently found together, yet the Exoascut 
is found only on Alms incana, and no species occurs on A. 
glutinosa. 



> ic 63 — ffiflnieu* oIbi incann* ta catkins ot tffnul (ncana BUny of the scalci 
a.T« <u elongated nsd soft tongne-Uke atmetuTes. on ^ktcU tbo ucl nio 

pr^uced e whitleli contlng (r, Tntetif phoV ) 


Exoascus epiphyllus Sad {Ej, boreahs Joh.^) The nitches’- 
broom fungus of the white alder (Alms meana.) 

The author- nas the first to describe and figure this form 
of disease in 1884; and Sadebeck recently succeeded in pro- 

* K. Si-'en. Vet Alad 18S5 and 18S7. Tnbeuf, Uotan. Centralhl , 1800 
*Tubeuf, BeUrdge z. A'ennfn»«8d fiavinitran/LAeifen, IgSS 
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dvicmg the brooms bj artificial infection of alder The disease 
IS common and epidemic and a single tree maj carr) as man^ 
as a hundred brooms 


The Pitches brooms are 
composed of mail} thickened 
twigs beset \MtU an abnor 
mal number of lenticels 
and the point of infection 
shows a distinct swelling 
from winch the broom tends 
to turn directl} upwards 
The lea% es are aoinewhat 
modified they are larger and 
thicker than the normal 
the} unfold later and wither 
earlier while their stipules 
remain attache<l for some 
time The brooms of alder 
onl} sur\i\e a few }cars 
and b} their deca} cause 
the death of large branchc** 
and frequentl} of the whole 
tree 

The asci winch are sunk 
in a depression of their 
stalk cell form a wluti 
coating on both surfaces of 
the lea\cs Tin, in}celiuni 
hil tnnles in the buds 

Exoascus turgidus “^ad 
ciu^ts the fonmtioii of 
witches I rooms on li 
irrnrtvi The ka%cs form 
cil i n tin I rooms are «ionie 
what cruiiiilcd an I the a^i 
an \ nKluc<^i on their lower 

fUlflCC 

Exoasens betnhnns 

1 1 tr j roducc- witclns 



Irvxms on J till julfVYus tix \ J (xtorati 
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* Witches brooms on bircli are \er} common in Scotland 
They appear as tangled masses of twigs which at first sight 
give the impression ol some birds nest I liave frequently 
eximined the leaves borne on these brooms and have nevei 
failed to find the asei of an hxm'inis Sadebeck gives in 
his monogriph the two above named species as found on birches 
beanng v itches blooms Allies {eg Phgto2ytus) have also been 
given the cause of these malformations On close evammation 
of biooras winch wwdowhledlj hate Ux < sens I fovnvi that a 
broom results from a prolific development of small twigs on 
one or a few knotty swollen parts of a branch Jvacli central 



I g ib — li hj SroonofUte >- Exmi utear n o CVi nui£ lut 

Tho biub (nons rea ^bout 1 tnetre bctims aod ariaea la er Ur t om a br cb the 
uppe Dormal part ol which has been remoTcd. (r Tubeufplot.) 

knot we ma) regard as the position of tht bud which was 
fiist infected and trora. whicli the broom sjstem took its 
oiigm As one result of the attack of the fungus the greatei 
numbei of the buds in the axils of the scales of the infected 
bud luve grown out as twigs, but not into well developed 
ones In consequence nearly eveij twig has been 1 died back 
b) the winter but not completely so that from each twm 
base his spnmg a new crop of stunted immature twigs like 
the fast and equally liable to be killed m the following winter 
Thus has arisen that tangled moss of dead or sickly birch 
twigs which we call a witches broom [Edit] 



TIIL PAUVSITIC tXOASCLAE, 
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Exoascus alpinus Jolnn and Ex nanus Joh'in Both occur 
ou Uctula nana 'ind induce formation, of lij pertrophied tuis*' 



I I >1 i « /'WM * 1X4 rl^rr}' frrttj M TLr 

tl V CPu^ti « 1 lie ftbnll rr d vxv&7^1• to tl-e n# ^ I & « ^Ict cvtj.^U 

t. T -ruiH n 

The imcilumi ef / r imjjt hiKniMi'' in iwifT' and j».miratts 

I 
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into the inner ti'ssues of ncwly-fomicd tv,igs and leaves. The 
jnycelium of Z'r, aljnnm passes the winter in the buds, spreading 
thence in spring into young twigs and leaves 



THh lAr\SlT10 tVOVSCfcAt 


1G3 


nre soinewlnt curled up ami the nsci appc'ir on their lower 
surfice * 

Exoascus cerasi luck occurs ver} comiuonlj on cherry 
trees {Pi mu s Co osiw and P atium) both in Europe and Americ i ^ 
It produces witches brooms winch may be large upwurdl} 
directed bush like and \er) conspicuous structures uith 
minierous thickened and elongated twigs Chig c») oi the} im} 
be small hanging bunches of twigs with upturned free ends 
The leaves are somewhat wavj slightly crumpled ind reddish 
on their lower epideimis the} bear asci and fall off prematurel} 



I No «TTT lr> trt tree tn 11 n »« In V 

(T T « r I » 1 1 

11 liiHiu-t IK M<in at a con«i krible di tauLt m lli winter 

(li^ of) wild ibt-V in LVt.li in n. t in pen ik 1 iriii„ ilic 

tl wtrii., i n (lu 7) \t iho liiiLr tuuL 1 fuK ilit 

1 tf 1 u Is o)Hn ilic chirrv tms in n rmallv c vlkI with 

wliiit 11 m wild the I n> m-* Kir 1 ivls onh an 1 rird} 

11> in M nc tliv j n Ihcl litlk r n friit l-acb tr-» 

V\«l rr </ 7 » } I'a) ll* UMC« tbr f Tt •! O of tlr»r »iu* » 

In. . (M t I 

• I ) ftti av 1 1« r I r Hrirnl"«-*cn I Ki * * Wnn rtv s »r/AA 

II t f « »l N Ivvi 
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ma} bear sevenl brooms md e\er} tree in i fruit j,aideu 
may be attacked so tint this disease has assumed consider 


ible economic importance Ai 
of all blooms at the time 



F fl 5 Twisr Irani witches S com o 
fal ge IS nFig S Fbotos spied tstme 
tin 0 as r g i lar comp! r on. (t Tubeuf 
pi ot) 

borne Diseased leaies apje 


a proientne measure the reinoial 
of pruning the trees is strongl} 
recommended 

[According to Shim {To! to 
lotamcal i xaga^inc 189 ^))i\ itches 
blooms are produced in Tapan 
ou Plums jisfi cc;us»5 b) a 
distinct species Ev j} e\ d ) 
Cl last s] 

Exoascus minor Sad Ihis 
species induces hjpeitroph) of 
shoots of Films Chamaicna is 
and P CtTusi s but ciunot be 
said to cause formation ot 
witches blooms Tlie nncelium 
hibeinales m the buds and 
spreads onlj underneath the 
cuticle \\hile that of Er ceio^i 
lues m the tissue of the tivms 
and leaies It is characteiistic 
ot this species that onl} leaaes 
here and there on a twig ma} 
be articled while their neigh 
hours lemain quite health} both 
flowers and finit ma} also be 
r much ciunipltd and Sidelecl 


states the} haie an odour of cumaiui they tiun brown ] re 


matuiely and fall off 


Exoascus insititiae Sid is found on Pninui do ncstic i and 


P Iisititin in Fuiope ind P j) nnsyhanxcn m Jsoith Anieiica 
It causes formation of witches brooms smillei than those on 


the eheii} tree }et probabl} more common in the fruit garden 
Tlie} bear no fruit and are a source of considerable loss 
The mycelium hibeinates hie that ot E ccinsx in the barl of 
twigs and spreads in spring into the buds 

The lea\es of the host beai osci on the lower epideimib, 
thc} are alwa}s more or less ruileil up and fill off earl} 
To prune off all brooms is the best prei entu e measure 





oil l!i«* iihiiKntl (.li I’fltlis f }2< <!•/ n t // 1 

s) «!o^. 1\ tint nn imtt ,!'• the «j»-< i * 
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This 13 Piiiiportcd hj Smith’s ln^L^tl4ntlons, iii uhicfi an aii- 
utnniical conip'iri«on of dietamd twi^s of pnch anti 'ilinoml 
showed no dith rent-c in the {»ntholo^icaI tiUci« 

Exoascns crataegi lack occun ow C'J^l^oyl»s Oj-^nr„nthii, 
ind ciu^ts rtd swolliiu'^ on the leaves and llowtr' nccom 
piniod h) lijjurtrophj of shoots in which the nivciliiim 


percninti s 

Exoascus Tosqainctu (^Vcst) The defoiuution cau'^sl \\ 
this sptcies IS frupitnt on tin. hhek nldtr (.l/xi's ^!iilinr‘»t) 
The thickcntd, Llon^ated, wrinkled twi"s riiukr ittacked parts 
\cr} conspicuous m contrast to tlie norniallj tlevelopnl pirts of 



the tree The leaves uiav he 
whoIU attacked and much 
enlarged, nr thtv niav onl) 
he hypertrophied at plates so 
us to form pustule like swell- 
ings The ipulenml and 
iiH-'Ophjn-cclls if diseased 
Icavt' hecuiiu txTtatly en- 
larejed 

Exoascns aureus (I’er-) 
The kavLS of the hhek poplar 
(/'/»! /i/s nvpti) 'ltt^cktll ly 
tins pirisitt exhibit pustules 
(Fu 02) The usei nrt 
formed ns a golden tinting 
on the concave side of tlie 
pustules VI Inch Is in most 
cases, the under suit rf the 
haf, rarely tin upper The 
cells fnniunj the pustuks 


have thicker walk and n 


s-omcwlnt diftvtent sbajo from Uit uomd tpukrunl cells, nnd 
they are not unfrcipuntlj subdivided by walls of stcondaiv 
oryin (hi_» C.l) 

According to Srmth, the cells of the palisade parenchyma have* 
also thickened wall's, ns vvell ns lieiii^ elon^jated and occasioually 
chambered , the cells of the spon^ parenchyma are cnlarc.ed and 
have thicker walls, so also nre tlu' cells of the rnllenchytm of 
ihe loaf venation 
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Exoascus coenilescens (Mont et Desm.) produces similar 
blisters on oak lca\es. 



Exoascus carneus Jolian. occurs on lea\es of Bdula odonta, 
]} imim, and H xniaincdxa^ The pustular outqrouths rise abo\e 



>in 1 1 — MiMi » on /»<Mo oJoittln (v TuKuf tlcl ) 
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vsco'i\ci:rE> 


the ujii>cr ‘surfxce of the lenf (ii? C4), aud the upper epulenui'' 
alone hear' the a'Ci In the pu*;tule', the loaf nnj In. t^\o to 
four time' as thick as health} parts The greath lucreaseil 
tluckne'S i!> due for the luo^t pait to enlargement of the cells 
of the me'Opln ll, m hile at the -vime time their normal amiuemcnt 
Is completela lo't (hur* Co, 66) The eltiiunts of the hbro 
aa't-iilar hundlej> are enlarged, the cells, of the upj'er epulermi' 
are more iiuinerons contain a roildisli sap, ind their ivilK are 
thickened All chloroplull i' de trojoil in the pii'liilev. 

Ex. polysponis (Sor ) cause* suolhu 
'pot' on It nc' of -Inr Utrtnrm vi 
Ex. builatus (luck ) cau'e> suuilai 
sj>ot' on Itiae' of pear {Pi;rt'^ 
and quince (Cwh'/itn 

Ex. Sadebecku (Johin) cant' 
simple spot' on haac' of 
•jU 

Man\ other 'j>.cie', named in oui 
li't and m S^idebeck’" paj>crs, uill K' 
found de'cnbetl in detn! m one oi 
otlur of the paper' alreida citotl 

h CiRroA'Ci 

The I'Ci of the Cirpo .1 ci are not 
formed direct!} on the imcelmm but 
from i spocnl put ot it, avhicli 
become* more or Ic'* cuclo ed in 
mother non a oogenou* portion From 
tht e two portions of the mycelium a sjxn-ocarp i' formed in 
which we can di'tmqui'h three di'tinct constituent' (u) the 
en\ elope containing (^>) the paraphv't* and (c) tlie a cc 
Amongst the G\muoa*ci the emeloj>e, if prc'ent, i* never 
more than a loo.e h'phal tisane, but m the Cirpai'Ci both 
paitiphyse' and ena elope are pre ent, the latter with char 
acteri'tics di tinctue of each sj>ecie'. Tlie sporocarp of the 
lower Cirpoa'Ci are complttelv clo'ed structure* containing 
only one ot a few a'ci, tUo e of the higher forms howeaer 
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contain nnn} asci, and the cu\elope is pieiced bj a definite 
aperture 

Brefeld endeavours to exphm the ascocirp of the Erjsi|lieat from tlie 
sjjoraiignl structures of the Z^gosporcae {Itki opxa and Vortierella) Dl 
rar\ ' and Zopf,* on tlie otlier hand see in it an oosporangium like that 
of the Oosj oreae Under this latter view the ein elope of the Carpoa''Ci is 
morphologically homologous to the aiitliendia of the Saprolegnieie and 
Peronosporeae In the latter group the aiithen hum genenlh takes the 
foiin of an oi>en fertilization tube, in the Saprolegnieae it reman s closed, 
aiil IS ])h} siologicall> no longer an anthendimn. 7opf found in one of 
the Saprolegnieae (^Diel^uchws tarpoj horm) an envelope resembling that 
of the Frjsipheae and on this ground lie, along with De Bar% links the 
Er\sipleae to OoniNcetes like ick^lt through forms like Pexio^pJ uera 

The reproductiie cells or ftscospores result from direct nuclear 
division inside the nsci Thej are ^enerall) simple and uni 
cellular, but it is not uncommon to find tint bj the formation 
of cioss and longitudinal walls cich spore forms a cell aggre 
gition (sporidesni of Dc Harj) with cacli cell capable of 
gLimiintion on its own account. The number of cells m eacJi 
aggregation as well as the sire and shape of each cell arc in 
mill) c.ises constant, and form i*oint« for the dctermin itron of 
spLCies Appendages to the sjiores arc characteristic of man) 
species 

llic Caipoi«ci possess in addition to ascospores other 
means of reproduction lhu« thick walled chlanivdosporcs occur 
either in tlic ni)cLlium ns resting spoies i^IIifpouii/ccs) or as 
«il)0Ks (oidnj resulting from a brnkmg up of h)plne 
Man) kinds of conidja nn) al*?!! be produced voine from the 
gtrmimting a^cospon ^ sonic nbjointed from a branch of the 
mvceluim or from some form of special cum hophon. TIn«c 
lutii iinv K pi-oduccd i<olito«l or iinsMd to-^Lther in liollows 
of the ‘•troiin or in clo^ctl structim-' rc-cinbling astocirp^ 
and callctl pvciudn The \aiioiis fonu'< of rej rodiiclivt. oi^aiis 
pr\>-i.ntotl Iv cich ^jHClcs will In. iiion. clod) considered is 
we procoisl 

Tilt (. irixca^ci an nmiueil actxnliug to the structun of 
tin n«cocarp- uuUr the ftllmin,. di\j«un' — the Itri' 
jfcirnnat. I'vnn mvc\^^ H\«ttiiieaie I)iM.-oinvceU' and IM 

' l»*rv / r 

• 7oj f / r\ t ^ I'l yt J m vtt>ri Ik t r "• « I?r*t 3 ISO 



170 


ASC0M\CE1ES 


vclhceie All t{iese gioups include forms pinsitic on phnts 
except the last ^^hlch is sapiophjtic 

Gi/mnoa^tcta and Ctcnomyce% ire foims inteimediite to the 
Gjmnoasci and Carpoasci, the) ha\< the asci enclosed in a 
slimy ein elope of mjcelial tissue AVe place them along \Mtli 
the former group although Brefeld puts them m the lattei 

I»bRlSrORlA.CL\L 

The Pcrisporiaccae are distmguislied b) having an ascocarp 
or penthecium uhicb neaer opens so that the asci are onl) 
exposed b) deca) of the en\ elope It includes three families 
the Er)Sipheae Pensponeac and Tuberaceae 

ERYSIPHEAE 

The members of this famil) all li\e as parasites on the 
outer smface of plant organs and ha\e a much branched 
white septate mjcelmm which derives nourishment from the 
interior of the epidermal cells of the host b) means of 
haustoria of xarious foims 

The Lrjsiplicae or Mildews appear as white spots ind 
coatings on which the ascocarps or penthecia appear later as 
black points On microscopic examination the penthecia 
will be found to contain one or mana asci while exteinall) 
the) aie beset with threidlilc appendages of a definite form 
and definitely arranged so that the) arc of great use in 
determining the ^arI0us species 

The fungus pasaes through the uinter by means of the 
a'seoapoTvs These do not npen till spring when liberated b) 
dcca) of the ascocarp the) are earned to phnts where tlie) 
sspeci'i}}^ on tho Form x la 

addition the fungus is propagated throughout the summer bi 
me ins of conulia produced on special conuliophores m acropetal 
senes oi chains of which the d^tal temunal comduun (aciospore) 
IS the oldest and hugest The ripe conidia fall off and 

produce a ni)cchum which is at once fixed in place b) the 
formation of haustoria 

Prevention Sulplumiig is the method cluefl) used for 
coml atmg mildew This consists m dusting powdered sulphur 
(flowers of sulphiu) over the plant thieatened with attacl 
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The opeiation is done hj hind or bj specnl implement One 
of the best hno%Mi of these is the “Sulphur ruff” This 
consists ol a blush ^\lth a hollow stem to contain flouers of 
sulphur, the end of the stem being perforated to allou the 
sulphur to escape on to the plant Sulphuring must be 
earned out during dr) weather to p^e^ent the powder being 
washed awaj It has also to be frequentlj repeated, so tint 
joung growing shoots, flowers, fruits, lea^es, and all parts 
liable to attack, ma> be kept well dusted Sulphur pre\ents 
germination of conidia on the leaaes, it aUo kills the 
rajeehum, while the plant itself remains uninjured 

Besides sulphuring, \nrious copper solutions gue aerj good 
result'’, while at the same time the) act as a preientue 
against the false mildews {PlomojMia, Paonoopora, etc) 

Sphaerotheca 

I’ctUhecn spherical with thrcaddikc appendages, the) contun 
one spherical ascus with eight colourless o\nl a^cospores 
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Sphaerotheca pannosa Wallr. (Britain and U S. America) 
The Eose-mildew. The mycelium forms a thin white coatiag on 
the leaves, and is nourishetl by lobed haustoxia inserted into 
the epidermal cells Young leaves or buds when attacked 
become more or less deformed, their function is interfeied with, 
and death may result In this way great damage is done in 
rose-gardens. This paiasite also attacks young leaves and fruits 
of peach and apricot 



Ilobe-mildew is propagated during summer by ovoid, mn- 
cellular conidia abjointed in acropetal seiies from erect conidio- 
phores. Tlie perithecia have short simple appendages, and 
contain elliptical spores. 

The disease may be combated by “ Bulphurmg accoiding to 
Ihtzema-Bos, spraying with Bordeaux mixture lias also shown 
good results 
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Sphaerotheca (Podosphaera) castagnei Ix\ (llntam and 
U S America) The Hop mildew Hie injcLhiim is fomul on 
all parts of hop-plants, causin'* coiisKlcrahlc damage, csjtocnll) 
when It attacks the joimg inflorescences The penthecia haic 
recumbent, brown, simple appendages This sjacus appe irs 
clneil} on aanous Compositac, iJosaceie (esp Sjniaen Uhiwnn) 
Cucurbitaceae, Gcrauiaccae, etc boianer leports it is \tn 
injurious to apple trees 



llO "0 — tloa n tlrnana T1 « whllomycel alcoatii 
coTcn tmj part o{ the ii 9orc<«eiim Twu si<ccimei ' Arc much leva deformed 
tb-tn the other*, (t Tub^fphot) 

Oidium, fannosum Cooke Attacks 5 oung leaa es and calj \ 
of apple, It IS easil) distinguished from the oidium condition of 
the prccetling species* 

Sph mors uvae B etC The Gooseberrj -mildew Isspeciallj 
injurious to Miles Uia ervepa and other species of Milcs in 
America Sprajnig aiitli a solution of potassium sulphide (i oz 
in 1 gallon water) at interaals of tweiitj dajs is recommended* 


•Sorautr, lUd\e\T\a, 1889 

*Ualste<t {U S Dtparimtnt cf Ajneuhurt, Pfpert fvr 188“) <le»cnbe« tlii» 
«lisca«« (Lilit ) 





17G 




Microsphaera 

Ihc poritliecn coiitiui «:e\cnl n«ci with two to oi^ht fepoies, 
and the appemhcos ln\c dichotomouslj bnnchcil ends like 
tlio'^e of 

Microsphaera astragali D C Occur'* on Ashaijnlns (jhior- 
pjujllos '\nd A \irg<ihts (lUitmn md U Anienci) 

M berbendis D C <iti Ibrltcnx (Bntiiii) 

M lomcerae D C «a i-jKoe-* of Lonifi a 

M grossulariac nllr on G(Kw bem (Britnin Mid U S Vmencn) 

M lyai oil I>/ci>(m Mul t)e*modtui t (Brilim nml If S Amen ■>) 

M evonymi 11 C on Lion^mvs enroj teut (BhImii) 

M aim D C on Ihitt* Ittiult {trnteoi ml F 

/ /(ij 1 ) 11 « cotAornffi, 1 tiruHti Opiili 1 i mf f/io etc (I ritMii in I U S 
Inunt 0 

M densissima (Schwem)’ piiccus him-* or! leuhr iitclie'. <n the 

1 \M3 of (^icici t tnictor»<t ttc in I\orth Anunei 
M Guannonu Ur et Ci\ bn C/*tit « Ltil mm i 
A1 0 ►e\(‘P\l ither Aimricin «i ecie-v 


XTncmula 

Ihe pcntliccn contam «c\onl icci with two to eight •'pores 
lUc 'xppciuUgts l\‘\\c iiuolute cuds and ure ‘*implc or dicho 
tomou««U In inched 

Uncinula spiralis B nnd C- (U S Amencn 'ind Britniu) 
Ihc "Nine Jlildew This di«c*i«c wis fir«t ob'sened m En_dind 
in 184o, and since then Ins spioid o\ei the whole of Liuope 
Ihc comdnl •stnj'e Ins caused widespread injnn, but tlie penthecia 
remained quite unknown till 1S92, when thej wcie obsened on 
lines 111 irance b) Coudeic and in ISOC in large numbers bi 
\ nla In America a binnlar disease is aho well known, it'*- 
perithecn Inie beui long reco^mretl and named Umiuvlo 
Npim/i' Ihc identitj of the Aiuencm and European mildew 
wa** hrst siugcsttd b) Vnla m 1887, niid ina> now be aseiimed 
The perithecm® when inatnre ore Inown spherical and be«et with 
I Atk.in«oii Hill'liu of Torrtff Cluh Dec. IbOl 


*11 X ( allci^ay (notnucG/ t o-c/te tSOo, p gwei & recent account of 

the ilevelopmcnt of tins Vianufa (Ldit) 
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appendages having hooked tips. 'Within the iwrithecia are 
found the ovoid asci containing the spores ; there are from four 
to ten asci in each perithecinni, and four to eight spores in each 
ascus. 

The conidial stage was formerly known ns Otdium Tiidrri 
The conidia are ahjointed ns oval colourless bodies from simple 
septate conidiophores, to tlic number of two or three in each chain. 
They germinate at once, and ns they arc formed in large numbers, 
especially in moist weather, the disease spreads rapidly. The 
mycelium is non-septate, or almost so, and attaches itself to the 
epidermal cells of vine-leaves and young grapes, by lobed attach- 
ment-discs. from which simple sac-like baustoria make their way 



Hn 7S ~enn»n/n ci<m( TcrithecU. (After Tulunc ) 


into the cells. The mycelium forms white spots, but after ,i 
time causes the de.tth of cells near it, so that brown withered 
spots appear The leaves generally wither, the grapes, however, 
continue to grow at the places not attacked, till rupture of the 
coat ensues, then they shrivel up or fall a prey to mould-fungi 
Sulphur is the pi-eveutive generally used (See p. 170). 

Uncinula aceris D. C. (Britain). This appears as white spots 
on the leaves of species of Acrr, native and cultivated. "When 
nttackctl by this mildew, young unfolding lea\cs are stuntcil in 
growth, %YhiIe older leaves in autumn still retain their chloro- 
M 
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phyll in di'seased spots, so that wlien dead and yellow, they 
are still spotted with green. TJie couidia arc oval, so also the 
spores of which six to eight are found in each ascus. 

IT. Tulasnei Fuck, produces 
a wliite coating over the whole 
leaf-surface of Ao r j'lntnnoidet. 
The conidia are spherical. 

U. circinata C. et Peck, is 
iound on species of Acrr in 
America. 

U. salicis D. C. (Britain and 
U.S. Ameiica). Tiiis species 
occurs on lea\es of the willow, 
and produces white spots or 
thick coatings on one or both 
surfaces It is also found on 
leaves of poplar and birch. 

XT. pninastri 1). C. on Prvnvs spino^a (Britain) 

IT. Bivonae Tajv. on Uhnvt inontana (U.S. America). 

Also other American species. 

Phyllactinia 

The spheric<il penthecia are Jlattened at the poles, and 
enclose several asci containing two or tiiree o\al sulphur-yellow 
spores. Tiie appendages 
-ire sharp-pointed hairs 
with swollen bases 
Phyllactinia suffuUa 
ilobent. (/Vi. (jvtluln 
Wallr.) produces white 
spots or coatings on tlie 
lea\cs of many trees, etj 
beech, hornbeam, ash, 
liircli, ha/el, oik, etc. 

(Itritain and U. S 
America) 

PERISPORIEAE 

The Pcnsponcac include the following gencin Thirlaiiu, J)mc- 
jiis/iorii/m, Mn'/nmvt, Cfphnlothrcn, ZnpfirUa, Anuria, Evrotium, 
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A‘!pcijillit‘<, }\niti!liitm, Zopftn, 1\ n^tpHniion , Ltiui>ho(ri/$, Apia- 
^jvirnun, Cajmothiiin, Astrnna, Mxaothyriuvi 

To this siib-di\ JSion of the Penspoinccie belong 'ioine com- 
mon forms of monlcl-fungi which ore gcnerall} onlj s'lprophjtic, 



but otci'ioinll} linil tlieir waj into fruit with broken opuhrmis 
*1111) are thus found c.irr)ing on bccoiidar) dec.i) and rot where 
other di«e'i«C '5 ln\e begun the attick 
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Jn this group are includot! cenam species of fungi ivlnch are 
able of thein^ehos to indiiee rot in npe fruit. Da%-aiiie' was 
the fir't to direct attention to thC'e, and recentli tliet ln\e l>een 
made the subject of aeij searching investigations In 'Wehmer- 
According to this author, onh a linnteil numl>er of species of 
fuller accompany this kind of rot and ei\e nee to it primarily 
As a rule they effect an entrance b\ some wound, jx^vvibly aKo 
through lenticeK or other ai>enuies. Some forms prefer certain 
species of ho«t-fnut, m some ca'.e*< even certain Nanetie^. 

Wehmer gn C" tlie following s\-nop-is 


Furn- 
Apple, 1 
Pear 

Mwihr I 

Gni>r 

Plum 


C E or Farr roT 


'Pe ieilJtiniala ^trj» 



I PO > 

\Z» *fvfw OHfff 7 
( Vvff»r rare <vn s 
{Pf) ii- Uivj i^lanctif 


FTriT 

Oran^, 1 
Ouron, 
Mauilirnu ) 
Clirrrx, 

Walnut 


Cn E 07 1 JTE roT 


I Pfj jrifbyn tMTirt 1 

*u cj77j M n f>7r r 7 iT > 


PfneHif 
(P triUta WT, 

\/’r I 


Ht, then irrange' them acconhng to ilivir occurrence, beginning 
with the mo't frequent 

qJaufita Link on 'tone-fnnls poinofnnt' gnix?- 
walnuts, e'pecially common on applet 

Pi uaJIunn tfihcu7i ^Vehme^ on -outhern frmt', citron, 
oniige, raandarin 

.Ifirecr ii cb on jKmie fruit", pxrticnlirh on jiears. 

Bfritu ciTjyTXi I’ers. on graj'C" and n'-iluul" 

The follo\viiig are less common sjtociC" 

Ptiunllium citnicevm Wehmer on southern fuiU". 

Jfirt»r •-<7rej;ip us Fiv-v on pluniN. 

Uucr ^.t-ihiufcj" Ehrenb on ipples. 

Pape fruit "hould be «o treated as to reino\o risk of infeolion a& 
much a* possible. Tins is done by stonng the fruits in air\, dia 
place?, and m loo-^ contact with each other A d imp atmosphere 
promotes infection and f icilitatcs- the progress of rot. All doc,aving 
fruit should be separatetl at once, and Nnluablo frniU are le't 
I'olateil by wrapping singh m tissue paj>cr lefore transportation 

• Dsrwrr, ‘ K«herchr« «nr 1» poamtnre dw troita rt i1m vesretAux nrxBts,** 
Conpt rr^d , l.Tlil., 1SC6. 

*tVfliiaer^ P{> ruj? t, Kmnfru* Pil^, J«n» (Rs^her), isa.\. 
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Species of fungi incliuletl in this group me the c^iuse of 
those black, sootj coatings found on leaves ficquented h} gretn 
11} (Aphis) and other leaf-insects Tliesi arc pnrcl} tpipli}tic 
ind saproph}tic forms v\hich derive noiinshment from the 
‘hone} dew” e\crcted b} the insects* The} multipl} very 
inpidl} , and soon form dark coatings on the upper side of 
leaves and twigs Little damage need be feared since tin 
leaves letam their grteu coloiu, and the coating is not enough 
to stop access of light Amongst them are species of Cap 
noliiim, Afeliola, and as well as the conidial forms 

Fnmago, Tomln, Antcnnnna 

The modes of reproduction of these forms are evceedingl} 
varied According to Zopf* the} form (1) ascocarps, (2) man} 
celled largo conidia, (a) unicellular ver} small comdia, (4) 
isolated and clustered conidiophoies, (5) gemmae, (G) buds m 
a } east like manner, while ever} fragment of a m}celium can 
produce a new growth An} of the species ma} frequent 
man} various plants and can pass easil} fiom one host to 
another Some of the better known forms arc 

Capnodium salicinum Mont (Britain) This occurs on 
species of willow, poplar hop and man} other plants 

If It ippears earl} and abundant on liop it ma} cause 
considerable damage (Fitma^o ingans is a conidial form) 

C quercimum I’ers on oak (Ub Amenev) 

C taxi Sacc et Roum on 

C foedum Sacc (spermogomum form = Chnetophimn focila) 
On the leaves of oleander (US Amenca) 

The genus Apiosponum forms «iimlar soot} coatings 
A pinophilum buck This covers witli a blick coitinj 
whole twigs and leaves of sUver fir the needles however letiin 
their green colour complctel} (AnUnnarin and fotvln are 
fwrwvs of Uus) 

A, rhododendn tuck A. ulmi luck , md other species 
Tlie conidial form PelUciilana \rliicli | roducej> grej coatin„'« on the coffee 
jhnt w coiHidertHl ninong the lI\|hoiHjcet«.a 

Species of Meliola also produce «oot} coatings 

M. Citn bacc. and M. Penzigi Sacc occur on Citrus in 

'1 l«gcn D<r UoHijOau H <do>ji*rh‘ Sti li*nan PJUxiurn Jena (fi-icher) 
*/opf, “Die Coin licnfrllcl to \ Fnmago. \om n'ta B-1 40 Also Zoj f, 
D t / It, Tulosiie V t'ct /i tty III 
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Southern Lurope '>nd \ruenei Soot\ mould of the oninee i 
'll o *1 cnbed to Crprc^ht m ctlit Berk et I)e>m* 

M. camelliae Citt on j'jj* i i>^r Acconhn, to 

Bnttei 'ind Ca\ira thi can t drvin" up of the ka\e 

tn/ f T rrr-* j » Lr et E.\r\ tl e •«> tx -lew f f in 1 • r 1 rttl 
Is cein ileml icir>! '»'t tie II>-pl otar-ete' 


Lasiobotiys 

L. lonicerae Kunze’ The ptnthecii f ’•m bitck nn^e on 
green lea^e of ‘Specie of L nicer If the e be rLmo\ed the 
epidertm remtm umnjureil e\cep* for a lisht ca\ut\ with a 
lighter irreen coknr than the nei bl>ounn" 'urfict 

Thielana. 

Penthecn «pheric-i! and without an ipertun The a ci 
contain eisht Wwu nmcelluhr «[>onr* Pinphr e al ent 
Conidn and chlam\do'pore are formed 

Thielana hastcola Zoff’ Thi i the onl\ «pecie» of the 
Pen poneae which cau e^ a reallr <enou phnt*di ea e It i 
allied to the Erv iphe-ie and prodi ce three kind of repro- 
ductiie oT-oin*! on the ander^rounl j<irt« of phut of Lupine 
(1) C^llnd^eal dtlicate hraline cblaniido pore^ prcx-luced in 
pi tol haped branche of the mvcehum (2) Thick willed 
brown coated re tin'* conidn arTao'’ed several in a row like 
«pore-> of a Plmr ifuri (3) Penthecn or little «jhencal 
ptrmactntlr clo^eiJ broien structure-' with oioid a ci containinsr 
o:"ht Irowni h lemon hapeil 

\ whitt coating of the Iivalme comdu i fir^t formed then 
i Irown coalinq of the dark conilu and fimllv penthecn 
The mvcelium bor® thrtn^h tin. cell waP and fill hr^t tht 
cell of th« cortex latir thc^ of the deeper parcnclmin of the 
ho*^ ro* The di ea e of the roo ^wn cau C' a ctiintmc of 
the «hool« and Uaie^ finallv death of the plant Tlie root 
at icked ire at fir^t brown then ther rot an 1 become de icheil 

* la ( Fi I w i? ^ B* '•f I H I l'' 6 p. 404 e an I M cl l«?r 

D-H'a'cs Cl rcc» fra ” £ ^ /V^-f 4<m^ ^ lv>fx 

Jac-'ew tl irclu Ics La- « wi h the C¥<~kt^ im <a 

*7^1* Lel;*T *1 e 11 cjTcU ratine «L Lep mu” S' P^tn nWctnL 

I 'TS L {•- ”2. 
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The fungus has boon obscr\cd on Lvpinvn av'/u^li/ohv’t, 1. oUiv<i, 
L thmnx\ TugoncUn cwnf/rn, On(^tryeh\s rjnUi, I'lsvvi 

sahiuxn, iSaiccxo dcgan^i, and Ciiclavini} 

Thielaviopsis ethaceticus "Went* lias been guon ns the cau«o 
of a sugar-cane disease in Jaaa 

The Tuberaceae form a third sub-duision of the I’cnsporiaccae 
The group includes the Tubereae and the Elaphomjeetes It 
contains no fonns injurious to plants 

In im estigating Elaphomgccs granvlatut and E 'lancgalvs, 
Heess® found that it not only formed mjcorhiza, but uas also 
parasitic on the roots of Pinvs and destrojed them 


PYRENOMYCETES 

The ascocarp or pcnthecuim of the Pjienom) cotes is a closed 
stiucture proMded with an opening bj which the ascospores 
aio dischaiged The ascocarp of the I’ensporinceac, as has 
already been pointed out, lias no such opening The inner wall 
of tho ponthecium is clothed with (o) the asci, {V) delicate fungal 
filaments. Of the latter, those in the depth of the pentheciuni 
are known ns paraph) ses, and among them the usci originate, 
others around the sides and opening of the penthcemm are 
the penph)se8, which grow inwards so ns to close both poie 
and canal I’cnthecia may occur isolated or massed together, 
and are frequently sunk in a special cushion of fungoid tissue, 
the stromata 

The P) renoiii) cetes maj nl^o pro<luce chlamjdospores and 
aarious forms of p) ciioconidia and free conidia , these also aie 
frequentl) developed on special stromata According to Brefeld’s 
researches, the structures so well known ns spermogonia witli 
tlioir contained spennatia are onl) p)caidia containing conuha, 
which liaNe in man) eases been artificial!) caused to germinate 

Tlie P) renoin) cetes include a large number of form‘d par- 
asitic on all parts of liMng plants, most of them aic capable 
of evisting for some part of their h\es ns saproplutes, and as 

' Tina fungus js ilescril e<l as causing n root rot of I lo/n o^omfo in U S 
America (Coiiii?ff A>jnr i.xjxr Slat litporl far ISOl) (f^ht ) 

*Went, .IrcAif/" foor Jam 5i»iteniKfH«<r,c 1S'I3 

*Uce«sHn<l l'i«ch , “Uiitcrsncli itb lUu u Lel>cr»gcscliichte d HirschtmfTil ’ 
JliHioIhrnt botan Ifeft 7 It'S” With lUus 
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n rule the} i*eacli iintunt) owl} oa the dead remains of host 
plants Man} of them are cnemica of wood} plants and the 
m}cehum of some can h\e m the elements of the wood itself 
hence the} constitute a dangerous group of wound parasites 

The r}ienoni}cetes maj be subdivided thus 

1 Tlie H 3 rpocreaceae baaing soft coloured penthecia often 
] laced se\ oral together on a stroma 

2 The Sphaenaceae with finn dark coloured \ eiithecia 
frequentl} embedded in a stroma 

The Botbideaceac with penthecia so embedded in a 
stroma tint the} Inie no distinct wall of their own 

All three diiisions include forms painsitic on plants 

(1) mPOCHEACEAE 

The H}pocreaceae consists of a single family bearing tht 
same name Of the seventeen genera contained therein onl} 
si\ contain plant parasites viz — GihhcicUa Caloncetna Xeetrin 
(incliMlmg Ncctndla) Poly$tigma ichloc Clainccj ? The re 
nninder are sapropli}tic onl} and do not come withm the 
«cope of the present work they are— l/r/aitos/wru Shnia 
Etc tlicromyccs l{y}K)mycc$ SjJacrostilhf Ldcnbaca Rypocrca 
ikoxedna Barjn Oomyccs and Couljcrj% 

Gibberella. 

The perithecii have i ti insparent blue or aiolet colour and 
form tufts on the stromita A stroma is not present in all 
the species The spores are light coloured and ‘Spindle shaped 
or oblong 

G moncola Ces et de Aot lassenm gives this as the cause 
of a disease of youn^ twigs of niulbem 

G pubcans (Fr ) is >err frequei tlj foui d on trees. (Bnta n) 

Calonectna. 

The penthccii are }ellow or red md occur isolated or several 
together Tlic asci contain spoies composed of three or more 
cdls lurely of one cell 

C pychroa Desm causes death to }oung leaves of planes 
(tsp P cx-ci 1 tails) it also multiplies 1 } means of conidia 
(/ virmm jlitani) 
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Penthecia jellow or ltd in colour, and gcnenillj pioduccd 
in close tufts on stromata of the same colour The n‘»ci con- 
tain eight bjcellular spores nnd few or no panpli}scs Conidia 
•of \ariou9 kinds nnd shapes are also produced 

Nectnna cinnabanna Fr' (Britain and U S America) The 
bright red button shaped comdinl cushions of this fungus inaj 



be found almost at an) time on the dead branches of many 
deculiions trees eg Ae'ienlm Atxr Tihn Vorm Ulmu% eta 
also on Ix)nxccra Samhnev^ Robinxa ind Pgrn^ in America.* 

‘ Tulisne Sil«t fang , 1865 

*l}ehren» (Zatt'h f Pila.n^nbrai\lhttUn (IS9o) asenbea to a?ffna the \ery 
common tuberous swellmgs on the twigs of haltnm'a these howe\er 

may «n»c without the agency of the fangus 
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The dark-red masses of thick coated, \sartj penthecm appear 
in autumn and avinter on the dead branches onl} , the asci 
contain eight bicellular hj aline spores uhich germinate 
directl} to form a mjceliuni Infection ot a new liost-plant 
IS effected bj the mjcelmm, which enters bj open wounds into 
liMiig branches, it is quite unable to penetrate the hung 
bark and is dependent on wounds The mjcelium spreads 
rapidly througli the tissues of 
the liost cspeciall} througJi the 
\essels of the wood, the cam- 
bium and rmd are not attacked 
dircctl}, but arc killed iii conse- 
quence of the destruction of the 
wood* The legions attacked 
in the wood appear ns greenish 
stripes and withering of leaies, 
followed b) death of branch 
after brancli, lesults in conse 
qwcnco of the growtli of lu) cehuin 
m the water conducting elements 

Fio -n 1(1 iinnaUin a FiUrKtl of tho WOOd 

wtio^^of i^uthecui j.'qi protcction against this 
.nid all othei parasites, which 
find entrance bj wounds, it is rccommomicd to prune or diess 
trees onlj when nccessarj, and to paint all wounds with tai 
or tree-wa\ This Kcciria is one of the commonest parasites 
of our parks and fruit gardens, Iicnce all branches alreid} 
attacked Fliould be remoaed and burned, likewise all blown 
timber which might serae as a iiurser} foi production of 
spores or conulia 

Nectna ditissima Tul (Uritain and US America) Ihis 
IS a common parasite and a frequent cause of the canker of 
beech, apple, and other tiees® Tlie mjcclmm haes chicfla 
m the bark, causing jt to die and form cracks Under 
ordinat} conditions all cracks and fissures are occluded oi 

* aiajr m Ilartig 8 6’»i/eri {f/jv im a d for^tlotan Inulittit -n Mmchen, in 

Berlin, 1682 BneW, .IrtnJen tl lolan llamWrg, 1692 

W ehmer (Zot'ch f rilnn^-nkranlhtxtm, 1894 gn I IROo), ori>o<!es Majr s con 
elusions and holds that can penetrate intact liMnguark 

* Goethe “UcherKrelid Apfellname Ihntx Hem u Otn 

Indnt! 1S79 It Hartig Unffnueh avid forrtlotan Iiflitvl rnllUichcii i 
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gro\\n o\cT in course of tune b} the nctiMt} of jioii^hbonr 
mg liMug ti'ssucs but ttic npicl dc\elopmeiit of the mjcoluiiii 
of this iWc^rifi pre\cnts inj such heilmg and brings (ilout 
deith of more birl As ^ result the co csllcd esnhers tire 




produced The mjeehum nt farst giies off tin} unicclluHr 
conidn on the Itirk then htti white cushions be-iniio fun, 
comdiojliort** from which nre abjomted luulticcllulir conidn 
slnj ed like n sickle Infection is brought al>out b} tl e 
^enuiintion of sjores or conidn on wounded pirts of the 
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bark,! and even on young unfolding leaves The red lemon- 
shaped perithecia break through the bark as compact patches 
They are distinguished fiom the perithecia of N cinnahanna 
by their smooth exterior and their smaller asci and asco- 
spores 

Combative measures to be used aie plentiful dressing of 
wounded places with tai, and the burning of all infected 
material 

Nectna cucurbitula Fr® (Britain and US America) This 
pirasite on conifers geneially, is particulailj injmious to spruce 
(Picea) It enteis the host by wounds, such as those caused 
by the caterpillars of the spruce moth (Graphohtha pactolana), 
oi by had The mjcelium li\es chiefly in the bark and bast, 
during the active growth of these tissues further extension of 
the m}colium is almost completely hindered by the formation 
ot a secondary cork, but m the resting periods of these tissues 
of the host, new hyphac are rapidly produced lleproduction 
IS brought about by little unicellular, and largei multicellular 
sickle shaped conidia produced on coindiophores The mycelium 
frequently proceeds as soon as formed to give olT the smaller 
\ inety of conidia The dark-red perithecia are produced later 
on the Same stromata as the conidia The asci contain eight 
bicellular spoies, the paraphyses are very delicate and slightly 
branched 

Tlie fungus sometimes occuis epidemic ui spince plant itions, 
and may be the cause of many deaths According to Magnus, 
the larch and rembran pine may also be attacked As a pre 
ventive measure all dead parts should be cut out and burned 

Nectna Roussehana Tul lives in and kills leaies of the 
box {Btuus) 

Nectna pandani Tul® 19 said to be tlie ciuse of a disease 
on Pandaiui% also ascribed to Melanconmin Tlie 

Pandanus disease Ins been leported from the Botanic Gaidens 

' \ oung forests m distncta subject to hailstorm, (e <j on the lower Alps 
« f Bavarm), may become completely infested with AVlriR through ln.il wounds 
(1- DIT ) 

*n Hartig, Unter»u(h am d /oratbotan, iH^Mat i, 18SS 

»Schroeter (‘'U ’ " - £iol d 

I da i^n Bel I , ’ al form of 

\tHrta Punng ^ the Palm 

House at Edinbur •« ms present 

mil nj,reelns m 0 (hdit) 



^ECTR1V 


18D 


of Breshu l^erlin Tan*! Kew GlasncMii (Dublin) nn<1 
Edinburgh 

Nectna ipomoeae Hals* Stem rot of egg phut and sweet 
potato In America this attacks joung growing plant*’ and 
causes stem rot The Pusaiinm stige de\elopcs ns a white 
mould} coating on the withered stem and is followed later 
b} flesh coloured clusters of pcntliecia 

Folystigma 

On the leaaes of species of Pninus one finds bright coloined 
spots these are the stromata of this famil} and in them 
aie embedded p}cnidia containing hook 
shaped comdia Perithecn einl edded 
in a similar manner are de\ eloped 
after the fall of the Icaaes the} contain 
asci with eight unicellular elliptic il 
spores which arc expelled on reaching 
nntiint} m spring 

Polystigma rubrum (Pers) (1 ntam 
and U S America) This apjieare as red 
circular spots on the leaves of plum and 
sloe Slicrop} ciiidia are developed in 
summer on the under surface of the leaf 
and give rise to curved conidia The 
penthccia begin their development in 
summer but onl} reach maturit} in the 
following spring after the leaves have 
fallen from the tree and lam on the 
ground over v\ inter The asci me club 
shaped long stalked and contain tight 

spores which are set free m succession , „n 

from April to June Germination ensues 
on }oung leaves and in six weeks 

p}cnidn reippear A vanct} Amygdah Desm is found on 
the leaves of the almond {^Amygdah s comviunxs) 

1 rank and Fisch found in connection with P n hnm 
certain hyphae which the} desi^ate as tnc?iog}rie3 while 
the} regard the small form of conidia ns spermatia which 

* Description and illuitratioM in a JenyAyre Erptr Staiion litporl 1S9I 
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barki i^nd even on young unfolding leaves The red lemon 
shaped peritliecia break through the bark as compact patches 
They are distinguished fiom the penthecia of N cinnaharim 
by their smooth exterior and their smaller asci and asco 
spores 

Combative measures to be used aie plentiful dressing of 
wounded places with tai and the burning of all infected 
material 

Nectna cucurbitula kr* (Britain and US America) This 
pirasite on conifers geneiallj is paiticulailj injurious to spruce 
{Pieca) It enters the host by wounds such as those caused 
bj the caterpillars of the spiuce moth (Grapholiiha pactolana) 
01 by hail The mjcelmm lues clnefl) in the bark and bast 
during the active growth of these tissues further extension of 
the mycelium is almost completely hindered by the formation 
ot a secondary cork but m the resting periods of these tissues 
of the host new hyphae are rapidly produced reproduction 
IS brought about by little unicellular and larger multicellular 
sicl le shaped com ha produced on conidiophores The mycelium 
frequently proceeds os soon as foimed to give off the smaller 
viTiety of eonidia The darl red penthecia are produced later 
on the Same stromata as the conidia The asci contain eight 
bicellular spores the paraphyses are very delicate and shghtly 
blanched 

The fungus sometimes occuis epidemic in spiuce plantations 
and may be the cause of many deaths According to Alagnus 
the larch and cembran pine may also be attacked As a pre 
ventive measure all dead parts should be cut out and burned 

Nectna Rousseliana Tul lives m and 1 ills lea\ es of the 
I ox {Biious) 

Nectna pandani Tul® is said to be the cause of a disease 
on Pandamis also ascribed to l/cfejicomi m pandam The 
i andanus disease has been leported from the Lotanic Gardens 


£ Ba\ar^) 
(Foir ) 


forests in Ustneta subject to ha Utorm (e 
may become completely infested with '\eetr i 


g on the lower Alpa 
a through hail wounds 


*P Hart g U ter-i ch au d for thotan I it t t i 1R88 


m 

Ho 

a I agreeing m order of 


n laneae Coh xi Be tr B ol d 
Ifefa eo I ») 13 a con dial form of 
of a /a tlanuA killed in the Palm 
Barrage found both forms present 
!e eloproent with Schroeters observations (Edit ) 
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of Breslau Berlin Bari'* Kcw GlasncMii (Dublin) and 
Edmburgb 

Nectna ipomoeae Hals' Stem rot of eggplant and succt 
potato In America tins attacks }oung grouing plant'» and 
causes stem rot The Fittnrtnm stage (lc\ elopes as a uhiti 
mouldy coating on the i\itherel stem and is followed later 
by flesh coloured clusters of penthecia 

Polystigma 

On the leaaes of sjeeies of Pninus one finds bright coloured 
spots these are the stromata of this familj and in them 
are embedded pjcnidia containing book 
shaped conidia I erithecia embedded 
in 1 similar manner arc dc\elope<l 
after the fall of the leaacs thej contain 
a Cl a\ith eight unicellular elliptic il 
spores which are expelled on reaclnng 
matuntj in spring 

Polystigma rubrum (Icrs) (Britain 
and U S America) Thi'^ apiieais as red 
circular spots on the lea\ es of plum and 
sloe Micropjcnidia are deaeloped m 
summer on the under surface of the leaf 
and gi\e rise to ciined comdia The 
penthecia begin their dcaelopment in 
summer but onlj reach matuntj in the 
following spring after the lea\es havt 
fallen from the tree and lain on the 
ground oacr muter The asci ue club 
shaped long stalked and contain eight 
spores which are set free in succession 
from April to June Germination ensues 
on >oung lea\es and in six weeks 

pjcmdia reappear A aanetj Amyglah Desm " is found on 
the leaaes of the almond {Amygdahs communis) 

Iriiik and Fi«ich found in connection wath P nhrum 
certain hjphae which the) designate ns tnchogynes while 
the) regard the small form of comdia as spermatia which 
' Description and iltuitrations ID \ JtnryA^tc Exper S(at on Etpoti 1S91 
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fertilise the tricliogjne 'ind cause it to develop as an 
ascogonium 

P ochraceum (Wahlenb) (P fuhuni DC) causes }ellowish 
red spots oil leav es of Pi khus Path * 

P obscurum Juel produces thickened leaf spots on Asbwjnlus 
(tlpinns and A orohoidesj on the under side these are whitish 
on the upper side thej show the spcrmogonia as red points 
The d image caused by Poly ttgma is easilj kept in chock 
bj burning iiiftcted leaves in autumn 

Epichloe 

The stromata foim on the stems of grasses yellowish mould 
111 e coatings in which the fta«k shaped penthecia are cml edded 



l o S3—Efi chip Ifpiha S nalago ncTWivUtoc hIon« Rht J completciv 
cn 1 cle thogra. «<t (v Tubeut phot ) 

Tin. asci are cjlmdncal and contain eight thrcid like umcelluhr 
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‘;pore'! The fonintioii of pcnthctii n preceded on the siinc 
stronn b^ tint of conidn ^ 

Epichlofe typhina Tul nintnin mul US Aincncn) Ihn 
nn) be found on nnnj j^ri'^scs ns n mould} contnij, uluch 
surrounds the huulms und cnwscs withering of the parts nbosc 
It The fungus not unfrequentl} attacks such fodder grasses us 
Dactylis Port an I Phhnm pmdai e causing seiere loss where these 
crops are much grown On the white stromata conidioi horcs arc 
iroUiced and from them small orate nnicellular conidia are 
abjomted These are followed later b} perithecia embedded in 
the same stromata. The asci of a somewhat }ellowish colour 
aic long with button shaped apices and contain eight thread 
like spores 

Ep Warburgiana "Mign * is a» u tere 110,, nj ecies fon 1 on 'irrowroot 
( ^!ar ta) ni tl e PI il pp i ea 


Claviceps 

The sclerotia are blacl horn like bodies and on them the 
stromata arc der eloped os stalked structures with spherical 
heads in which the flask shaped pcnthccn are embedded The 
asci contain eight thread like spores 

Claviceps purpurea (Fries’) (Britain and U S America) 
11ns fungus becomes most apparent when in the staj,e of 
the wcllknoivn Ergot grains bluish black curred sclerotial 
bodies m which the m}celuim pereunates over winter Er^ol 
IS found in the ears of our cereals cspeciall} in i}e also in 
other cultiiated and wild Gramineae Tlie sclerotia fall into 
the ground direct or are sown out with the seel and in 
spring or earU summer produce a laige number of stromata 
eadx cousi&Uag of a. Molct stalklot wxrr^ing 'c teVlisb jeWow 
head The oioid penthccia are complctel} buried in the head 
of the stroma and contain the asci each with eight thread like 
ascospores The spores after ejaculation j,erminate on flowers 
of (irainncae an 1 tlie septate mjeehum dovelopes in the outer 


Atknson G F (Torrty tl h F H I IS94 p 
of tic spec ea of i/ <rA/ot an 1 ©tier spec ca of N 
Ilyjtorrtat at (Fit) 

’Mip s I ter at Lot Co grt ISO"* 

’T I ne i at It > at r S » r \y KuI 
rih ! It Hftllc 1SC3 


proposes a revision 
Amer an graminocolous 
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coats of the o^arj, till gradually Imt coiniiktch it fills up the 
tthok ca\it) Outside the oian the riijcelium fonns an 



Ti'i H furjfuni F yd feUr'tl><>r Lr? I earicfPyf 

(r T bml |> >t > 


irrt„uhr wniillcd white stroma or «ilnctha, from the liollows 
and fdds of which little o\oid conidia are ahjointed from short 
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conuhophores A \er) sweet lluid the so cillcil hone} dew 
IS sepinted from the sphnceln, this nttricts insects whicli 
carr} the conuln to other flower® Since tlio coiuili'i are 

capable of immediate genmnatirii and gne rise to a 
m}cehum which penetrates through tlic outer coat of tlie 
o\ar}, the disease can be quickl} disseminated during the 
flowering season of the grasses After the formation of comdia 
has ceased the sclerotia become Rrmcr with a dark wrinkled 
cortical la}er and an internal firm walled psendoparench}matous 



hyplial tissue In tins condition the} are introduced along with 
into bread %r}iich when eaten nets as a ponerFul poison 
producing aer} serious results (Frgotism) The sderotia are 
also used medicmall} and are collected for this purpo®© (Secrtle 
(ornufiim) 

Kotert (trull r Lehrh ch dtr Tartlologe f r Thttrurt f 1890) states 
tl at trgot contAiiis three poiMjnoia agents 
(1) Comttii an alkaloil vhich | reduces tl at particuhr effect of erj^ot 
in ca isii g contraction of tl e uterus. 

{i) S^facflte ae d a i on nitrogenous, resinous, non-c^^ stallizahle suh- 
t'tanci insnl ible in u-ater aitl d lute act Is, but soluble in alolol and 
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fountn^ niknite'', salt^soUiWe ni Mxtcr TIih is th< ci««e of 
ergot poisoning -nul gnes jiV to pingrtiu In higt ilose^. it proiluces 
cnmp smnhr to sn\clmuu, im tetanus of tlie iitenis 
(*}) EigoUc I niltogenou^ easily decomposetl ghcoside, wlucli ln« 

no effect on tlie uterus It is nioie a mrcotie sviucli diiuinislips leflex 
txcit'ibilitj snd fiiisll^ sto|>s it I 

Robert txpeiiiueiitiil t-buflj with cittle s«<l fouls Ho found that an 
acute comse of tlie ^Kusoning can be distiiigiiisliecl from a clironic , abo a 
gangienous eigotism from n spisinotljc The samptoins of tlie disnse nn 
(\) Gastro cnteiic, au excessive salivation accou\jiaiii«l vritli redness, 
blistering inflainiuation, Masiinpaiidgangrenintion of the mouth ejiitlieliniu 
similai vhangcs aUn occur on the epithehum of the gut, \u»Hl«cing \ onnting 


colic, and diairhoei 



(2) Ciaiip.icniratioii and niniunnfica 
tion of extremities, consisting of v 
(ItMiigup, a dung off, and a delacb 
nunt of ixtrunities, such ns nails, 
eais, tad, « mgs, cl iw «, toes, nml ]i >mt 
of tongue 

(1) Sjsasniodic Cditraction of the 
Mtcriis and cmisKpient aluition 
(4) Rinons plieiioincna sucli ns jn 
pcusibilitv, blindiitss pnhsis itc 
the pus<iiC( of dgot miv It de 
tcctctl loth niiiro«cin uulh and sj ei 
tix'copii dl\ 

TIk Jmigus mu) bo coiiib'itcd 
b) c-XTCfnl sepamtion j\iu\ de- 
struction of scleiotiii, nml ba tlu 
use of clean ''icd i 

Claviceps microcephala 
(AVnlh ) (Bntnui) Tins is found 
ou PAiii 7 iiubs, jl/ohinu aN’mifus 
etc It 1ms snmllcr sdeiotm 
vvliicli. nccoriling to llnitwicli,- 
coutiin time tunes is much 
llrjiotin ns those of Cl pnjpnno 


•Smith (/h»fn*«« of full nud nattUn rrof* Issi p 2ia) •UhmIs.s mil 
Itgtircs « / I I lYn lor II i/«ohi on t /vcffingf iiroiM luir MinKtn It 

is *h tiij,u«lKtl ‘ in In 11 blllsU « r JV'II iftish n stcnil if Icing ysilc in 

c< 1 nr mill m tin. \ i ritlu i la or conccptaclcs I mtg almost fn t on nn t long itcd 
dull like grow th iiistcv 1 i f 1 cin„ iiuiiicrsi I m n glol ulvr lirt \ or stn ma 
•llarttti h “‘ti.l rott till Mohma cocriiUv IxUd </<" h ’^or Vuahj ih 
/m (t l&'i, 
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Cl mgncans (Tul ) on 7/f/oWioin /aiul iS’cir^if's, with ‘scicrotm 
of a dark Molet colour (Bntiin) 

CL setuloso (QneL) on iW Stmunta stnu jtllow n» colotir 
Cl pusilla Ci<i. on Andropo/jon iKhaemttm 


(2) SWIAtltlACEAF 

The group of the Sphieriaceac includes eighteen families, 
hut onl} the following contain jnnsites of interest to us 
Families TrxcJiO’fphaerient, Mclanomcac, Amphi&phaa icne, 
CueiahitaMcac, SphacrtUoxdcac, Pltosporeac, Gnomonicac, Valscac, 
Biatryixcac, and Mclancontdme 

TRICHOSPHAERIEAE 
(including Colcroa and Herpotrichia) 

Coleroa 

The perithecn ha\e thin walls with radiating bristles, and 
8it supcrficiall) on the substratum The a«ci liaae thickened 
apices, and contain eight two celled, faintl} coloured spores 
Coleroa chaetomium Kunze, occurs on living le'i\cs of 
Puhus camx(s and li idaevs In addition to penthecia, it 
forms conidia known as Etosporunn rubx Xees 

C alchemiUae Gro\ (Britain and US America) On lea\es 
of Alchcmilla inUjnm 

C andromedae Pichm On leaves of Andiomcda pohfohn 
C potentillae 1 ncs (Bnt uu and U S America) Leav es of 
PotcntiUa anserinn It forms penthccia whicli are situated 
On the leaf ribs, also conuha {Matsonia jiohntiUac) 

C subtllis Fuck On leaves of PvtentiUa cmficn 
0 circinans Fries On leaves of Gaamvm lotuvdxfvfunn and 
G vwUc 

C petasitldlS luck On leaves of Pttnsites ofictnah^ 
Tnchosphaena. 

I'cnthicia small spherical or ovoid and more or Ilss hairv 
Ikaraphvscs distinct bpores with me two or four cell- 

U e gn t tills f^eiiua a w uU r wx jn than \\ inttr and iiitlude Rj.»a?ifa » ith 
one two mill fnirinlleil «jxixs «f 1 » »line "f li^lit wlour, and wlio-^ 
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other chancters coincide, thu seems to be all the more justifiable since 
one finds on the same species asci «itb spores mad“ up of one, ta%o, or 
/our cell? 

Tnchosphaena parasitica Hartig' (Bntain and US 
Amenca ) E^erjv.hcre in }oung naturally regenerated woods 
of siher fir, especnlly in damp places or where the plants 
are crowded, one finds partially broiiued needles hangmg 
looselj from the twigs, held ^onlj bj a fine white iii} celium 
(Fig 87) In addition to this, one finds in spring young 
twigs completely enteloped in mycelium, with all their 



needles hilled, so that the twig itself soon dies The white 
mjcehum grows especiall} on the under side of the shoot, 
and on tlie lower epidermis of the horizontal needles A 
pseudoparenehyma, cousistiug of lajeta of mjceUuni vs there 
laid down, the lowest layer of hyphae sending short cone- 
shaped Inustona into the walls of the epidermal cells (Fig 88) 
Inside tile needles, occupying the intercellular spaces, there 
are numerous branches of septate hyphac, which kill the cells 
of the leaf The perithecia occur here and there on the 
mycelial coating outside the leaf, they are spherical and 
blacki^ih, inth radiating hairs Tlicy contain paraphyses and 

*r Hartig ‘ Jjj) nener Parasit «J Weisstaoae Alley For»l v Joyd 
Zuiunj, Jan , 18S4 





TRICHOSrHAJKIA. 


197 


asci, the latter ^\ith eight four-celled light-grey spores, which 
genmnate directly and distribute the fungus o\cr new host- 
plants 

I found this same fungus on Ti,uga cai\a(hnsis^ at Baden- 
Baden, and on spruces in several parts of the Bavarian forests." 
It, howevet', rarely attacks spruces, although they often occur 
in the same forest with firs. One of the cases of infection 
referred to above was caused by the diseased branch of a fir 
l}ing in contact with a twig of the spruce, so that the mjcelium 
grew’ from the one to the other, the spruce needles were killed, 
and wo\en on to the twig by hjphae 








In woods of )Oung silver fir naturally regenerated, tins fungus 
causes "reat damage b) killing numerous twig‘< It occurs e\er}- 
where in joung fir forests, tg. the Alps, Bavarian forcals, the 
Black Forest, etc On drj any situations, on free-standing 
trcco, and on the highest branches of a tree, it is rarcl> present 

• \. Tubouf, ; Ktnnm d Ikrlin C^pringer), ISVs 

*\ TuWuf, •• Tnchospliam* ptrMiUcm der F»chte " Dotan CtntralUaU, 
XJl . ISOO 
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Herpotnchia nigra Ilartig' This pinsite is ihstniguishcd 
b} Its grc) injcelimn which co^c^3 and complete!} envelops 
twigs and }oung plants On the dwarf mountain pine it is 
not uncommon to find branches bearing patches of blachened 
needles closel} bound together b} gossamer threads the other 
parts remaining still green and forming a background against 
which the blackened masses show up prommentl} (Fig 89) 
Young spruce plants under a metre m height and the lower 
branches of taller trees are frequcntl) completelj enveloped in 
m}celium, and where they have been pressed down to the 
ground b} weight of snow, the twigs maj be woven round 
and fastened to the earth bj a felt of mjcelumi 




I have frequentlj observed the fungus on Janipcnis com 
mums, especiall} in Bavanan forest land, and on Jmiipcncs 
nana m the Alps Professor Peter found it on the latter 
host in Sweden 

The spherical dark coloured jierithecii art covered witJi 
prostrate hairs, and contain asci with eight four colltd spores 
The spores germinate directh to hjphae The mvcehuni clo^elj 

*1L Hartig Herpotnchia mgra fortl tt JaoiZ ttun t ISSS 

> Tubeuf Mittheiliing ub einlge teinile d VVaJles. Allrj Fortt u 
Jnyl Zotvij ISS” 
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cii\ clops the needles and sends out Inustona similar to 
Tnci O'^phaaia (I y 90) 

Ihijiotnchia is m lnghl}ing situations a \cr} dangerous 
cnein\ of joung spruces and nurseries in such places ha^e 
frcqucntl) to bo abindoned owing to the death of all the 
plants Serious danin„t also frequently results in young planta 
tions where snow lies long and I ceps the ^oung trees piessed 
down towards the earth Then the fungus c^en under the 
snow co\ering wea\os round and fixes the shoots so firmly 
together that only the healthy ones are able to free themsehes 
again ind to resume their ^rowth iii spring 

As pre\ontuc measures nurseries should not be established 
in high situations nor in valleys wheic there is a large snow 
full, wlnle in localities liable to attack tlie planting of young 
trees in basins or cups (hole planting) should he avoided Iho 
loss fiom crushing down by snow may be lessened by laying 
triinl s and branches of felled trees imongst the young plants 
and by going o\oi them ih spring raising up all prostrated 
plants 


MELANOMEAE 

Rosellinia 

The perithccia generally occur iii numbers together they 
arc blick and smooth or studded with bristles The asci 
contain eight oval spmdlc shaped dirk coloured one celled 
spores ] ilanientous larnihysts arc always pre'sent 

Rosellinia querema Ilartig * The oak root fungus This 
fungus lives in the roots of oal siedlmgs one to three years 
old and causes the leaves mid shoots to become pale and to 
dry wp It sprcals only during damp weather espccnlly 
m Tune Tub and August In wet years it may cause verv 
SI nous damage especially m seed beds Tlie mycelium pene 
trale*' into the living cells of the root cortex extending even 
to the pith At lirst the myccliuiu is hyaline but latci it 
darl en‘« and the hyphai liecoinc twisted together into sj uii 
thnallikc strands — the »/ioc/onirt These structures apply 
thiiiiSLlves to roots of nciglil oiiring plants and soon enclose 
tium m a weft of hyphac by tins means the disease is 

*11 Hurt ;; U ltr» ch a oi d Jo rtiiota I Ul I K VC rht Ilerl t ISSS 
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prop'igatcd through the «oil from pHnt to phnt There n i 
resting stage m the form of chmibercd sclcrotn blnck tuber 
like bodies a\hich h'i\e tlieir origin in the cortical parcncbjina 
of the roots and break out through the corte\ lleproduction 
is effected throughout the summer h} means of conidn pro 
duced from n injcclium which \egetates on the surface of the 
soil, tins mjcelium bears conidiophores with whorled branches 
from which the conidia are nbjointctl 

The perithecn arc spherical structurcs composed of h}phae 
with walls which swell up in a gelatinous manner At first 
the inside of the pcritheciuin is a gelatinous mass containing 
the paraph} ses and the rudiment ol the nscogonuun As the 
asci are de\ eloped the} push their wa} into the gelatinous 
mass amongst the paraph}se« Each ascus is a long club 
shaped tube the apev of which is thickened and stains blue 
with iodine showing at the same time a canal piercing it 
The oscospores arc canoe shaped with sharp ends and wlieu 
mature ha\e a dark bnmii colour Tlie spores germinate m 
, in w Iter cultures germ tubes are emitted twent} four 
hours after sowing The spores open b} a longitudinal slit and 
a germ tube emerging from each end branches into a m}cehum 
which soon takes on the form of a rhizoctonn strand Infection 
takes place through the tender non cuticulanzed apices of root« 
The fungus ma} be combated if diseased portions of seed 
beds are isolated b} means of trenches dug round them If 
boards soaked in carbolic acid or coal tar aie placed upright 
m the trenches greater certaint} will be secured that the 
disease does not spread 

Several species of liittzoctoma probabl} related to the above 
ma} now be bnefl} considered 

Rhizoctonia violacea Inl ’ (U S America) Jioot fungus of 
lucerne and cloaer The presence of this disease is shown in 
summer b} the plants withenng and finall} d}mg The m)celium 
lues inside the roots and coders them exlernall} with Molet 
coatings on which the sclerotia appear as black tubtrs 

Oil plants with sclerotia Fnckel found p^cnilia at 1 pentl ecia of 
L^lotpf acria {Tre} iatOi>pkafna or eimrai * whetl er the 

various forms were rilateil coull not however be deten it eiL 

•Postrip Cndtrtof^fUtrannoiff* k SramptiJat'jU i Phi ocio a IS^O 
Tutasne /tin'/i Ay;<oyn<i II and \\ 1851 
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])i( (liS(i)M' sjinntN i!im>uk)i litItU in a (intnfii^il ilniction 
fiom a l^«snUs tlia n\M\o ulimi, iL is also 

h\i<l 1 >) Ktilm to aiiink « iinils, sn^urlitii and mangolds, 
fimul and jutalms, and lulasno gnos asjmajfiis and ud 
doNir as lio-'ts 1 ‘iumi' !ulie\is lhat llu tmi^Mis unmins 
tlui'rt )i na m llio mm) and ictomimnds ilut disiistd fields 
alundd not lia tiO|i)>(d with liinriu or tln\ir for si\inl jeara 
llo alM) adviHis Dll' isolaimn of mfiLtid land h} surronndinjt 
It with a dll ]i tniuh in whuli sii||i]iur is sinwn, ihon (OMred 
o\(i with aoil 'Ilia iixloMd plot ahonld in \t ha dci I'b 
trim hid hilwiiu dniu' nid August, and all )dant>ri nnuis 
unioMil and launt 

Rh crocorum 1 ) D* Ih< di^irojir 'IJns |Mrnsita 

altiuKs and Kills loinis of tha salhon {C/iras «r/fra<) 'Ilia 
injiilinm finds uitnnai l>) tlu stonnti of hi lUh) conns, 
and io\ns Duin i\l«inaU) with a wih of Moktcolonnd 
111)11 linin 

Rh fiolaiii Knhn Oulu's as IhuK silimiii on tlu sKin of 

]Hi!ato luhiis 

Rh batatas 1 r oums in Aimiu i on swut potiio 

Rh Mill t«ii\ ouuis on luhiis of shilot {.illiuvi o^ifntomn/m) 
ami onion (.( 'rntaia) 

Rh botao Kilhn is muI to atticK hu.t*rooi in Amerua' 

Wo nil) aUo con>idir at tins |>lsci 

Dcniatophora nccatilx llartn** llie MiiL-root fungus 
'I Ins pin^Ui I msis a \<i) disirmtua di‘-as''0 of Dio mho, 
ami IS ofiin iniilusid with nttuKs of llio l*li)llo\ira*msoct 
It ouuiN 111 till’ Unitid Slilis aiul is lominon throughout 
I ranaa, Swilrirlaml, Itals, and South»wist Ocrinan), hamg 
Known midn a sarnt) of nwms'‘ Ouasioinll) it Ins hicn 
Known to atliiiK tin roots of fimt tins and otlur jdants 
tuhiNiilid in Miuiaids 

M nil I't, • S|ir UliWs t n<* it<* K I n»prn»* or / , 1 aH*, IMS. 

Ir \\«},nrr lUi \ otk mmM» iIp* Wnrr^tt leni it 1 locnie Zrttrfk iL 
t 7 > i nit k \ iHtn lit t tyin |s1| 

' I rillii'iiv “s ir U I iaIa Up «1p* '•»(««» *rr t \<i\ And xr\ 

liiUnp / . ) ;■ II \ III . IsM 

* / Mvi l?i t t/i/r \inr nH t llthtty IMl , mUIi UlnntrAliAn* 

ItAillf, t’rffn pAr jnnrt I fi OntAt rr VtlncAfri, III , IsSS 

• W i»r»i-li lU W piiut > VIaiiIp I' iirrlli* iIp 1a \ lci c I urrltiirc, llUno rlrs 
J A Inr* nUii luct 1 1 Aini IkHOH lUnp \wl cn au** 'IaI hptx M rl c 1 imica, flc 
(lUnik./fld Ay ' 
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ouY» cri*' 


Ih I'ht'uf t')rr!i-t liii'' tons i-<tr mOs whidj ;:r'nv 

til'* N)il tr'jiii r«"jt t«> nwit 'll]*' IviIH tli" 

r'’i!l‘[''t‘*, iiti'l trotti tli'*-'* into ol l*’r njot*' to 

torjn rlii/onioriili-itriti'ls uliMi, Ii'»ui*vi*r, liui* ii Htnifttin* 
'li'tint t from tlio~»* of .fyon m ni,U<tM Tin* rlii^'iraorpli- 
rttrimlt ni ly pun out ot tin* roof irtto tin* foil, tlion* to f >rni 
II III trii' Jitom m)‘>>'Iiiirn, iir, n'lininin.: in tlio root-corti'T, ni i} 
pro'liKo foil's ot IiIkL tub* ron"* m lomti i wlutli on rnituntv 
[ifiik out to til'* I’xtonor On tli«‘ fil'Totii, or othor part'' 
ot til'* ni\ii’liiini bnstb'.liJvo i onnlioplioroi in i\ bo l{l■\l'Iop^ 1 I 
If linin' pani' 1 ' s trom wlin h ovoi I lolmrli"'* coni'lu an* 
iilijointi il 

Ihf ol till' \in>* n ripnlh ifsiiniin,* jzn it import* 

nil". 'Ilun. hr initui'o. m n,* tliof f no I’livlbnori, 
IiiU wliol'* tri't'i ot vino limluri* inlf-tnl ttich pi mot <i'hoii' 

A' t online to Vnli* P «io/ '/'/«< //r lornn p* ntli''«*i i, wlmli 
lioiM'M r, only il''vil'i[t itUor nrtilniil cttUiiro lor .n.’ir** 

on ii"i vvnl plmt" It tins I"' "o, tin* Ihiuom hlioiiM In* <’Ii'‘'«t- 
IimI li'twi'i'ii tli'» TuImth "it'* iiii'l tin* I.Iiilioni.M.i'ti"* Ilorli"*'*.* 
Iiowovir, nmfi ft's tint \t"u, nn*! r'l^inls it if in’irl} ri'Iitnl 
to /' iiffiniif 

Iliirti:* •siu^i'iti iin['ri 4 t> ttion of tin* Mm* {>oloi uitli triiOHoti* 
111 II Mil U 11 ot tomliitifu tlm ilfif* 

Stricken^. 

Strlckrfirt Korliil K irli il'vilur. |f>t imtiitiu till tin uurti'x '*5 living 
I! 1 1 II I I' ir III 1 11 It, It 4 f irKiii-'iii M Ii m«<A« r nut v ■ t fiil[_\ f't-iljli'Iii*!! 

CUCURDITARICAE 

Gtbbcro. 

I 111* MiiL iiritliitii lx tt ttitli •‘till brf tb ■*. iin* iloiolop* cl 
in Itr^x* irronps on n ilirk | souilopnrom Iiyni itom itrotui 

Oibbtfra vaccinii >«»«.(llrttim) In iluup ■ntuitioiis iimon’'*t 
lit 'ft I life lies ol Ififjnitm iitt'l otin r im’tS'i •. nno often lincN 
tin* loulirri (I'r (?«»/»«» Pi/n.//fiff> with its l.-vic's iiml 

' I •’inlliii. /'It l n ''iT'f I fi It ft lint ilfirit 14 1 I t i II, I '1)1 

t\ur» Jf I r^l K. il, r I -it I fl 

•I.rlut. I >11^ til I I ! /«! l-r I, 

• Iv, Jtirt; [ r\rf u ft ! I r I I njti'Ii t'lliii in. I"*)! f xT 
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twigs brown and dead (Fjg. 95). If moio closely examined, 
the twigs will be found to bear patches of coal-black, 




20G 


\‘.CO^n CFTt> 


nstj the lutlcr ei^ht or bicclliihr (hr) coloiiroil 

‘Sport*! Tin. JuMcluim is (hikcolourt.il M.n Mjorou*! ami 
fmni'>linl niiinj laltril bhdckr like outgrowths it ptriuoatcs 
tilt wholi toiticnl li‘:‘!UL ns fnr in n« tlic wood and under the 
cj uh rniis forms n hrown pscudopmucliMintous stroma which 
c\ttmh oNur the cortt\ and gne« ri«e to miiiiLrous iLrithecn 
'Iht liMiii ctlh of iht cmtc\ turn brown in pre«tnco of tht 
liui^u*! iinctlium and cnlhp'^t cm‘!in4 the whole Mioot nbo\e 
tin jihct ot nttick to wither and dit 

Cucurbitana 

Iht dark itritlucn and jncnidn Irtnk thi-oiuh the epidermis 
in Ini^t immKr^ Iho a‘ici contain ‘siv to tuht blown iioio'* 
duidtd In cros« s^pta 

Cucurbitana laburm Ki<i* (Hntam) Ihe spores of this 
fnnuus ^crminUt on woiindtd j irt« of hbiirnuin 
Inin Him) and as tht bi mche-* ot attneke I ihnts < 8 oon die 
(II (.oniuliidK ihmagt. to mirstn stock iin\ rt«ult Hit 
nnethum •'irtaih iliroiuh the wood jnrticiihih tht at «tl 
in ^pitt of tht t irh «topja.It (f the«e b\ a \tllow woodpUm 
lb i\«id ] irt« of the wood of li\nu Inncht apjtar a« dark 
‘stiips itproductiNO orj*uis au piodiicid in tlit bark and 
tla 10. tht phut ntttinjits to lolut the di«e\ ud j art's b\ con 
tiiiutd tork fornntuii 

It di I i«td but “til! h\iiu *^lH)t« m 'sti.ms K t\ammed 
tlua will lo foimd to includt nuin atllow -uhI black jni'tiik 
likt ‘swelling ponu lurud in tht bark multr n itndtrm tisbt 
to tell ctlls in Ibitknt s olher> in j rott « of brtakuu throiuh 
(1 i\lti..tlhcr O'jjKi td Miin of tbo j usiuK will atlnct 
atttntioii from llu iix‘!tnct of rt 1 twisted tloiuUtd tondriK 
(U thtm On tlit lowtr jarts of dtid Inncbi's the •sunt 
apli iTamt« will K found tut in nldUiou the jendLim will 
{..tiurdlv It lujturtHl and Iht ojtunii; jrodiiitd fdltil wiili 
•spill ned link oi blick friutitication's The l arc \ainbU 
m fum mil mnoiu t tlum can li disim^ui lud «ome which 
an. Mr\ lUr,L n uud <sninath coatid mid luhlcilourcd with 
a nund |in otlurs which n||Kir max w irla mu' lia\t a 
lUju <. \ ojHiune while •still ttlurs ^tnerdh •simlli.r ln\t 

•\ Tils f (n Hfi (inn lit r t >tn I nt TilUntt \\\| ISs 
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an acute bealsCil pore. Whwe tlic barK lias been losst, n 
good Ions may di«tingin‘ih tlic spherical <ir ovoid dark-coloured 
perithccia. On the finer twigs the whole 
bark is often perforated by imincrous liny 
pjenuha, haixlly distinguishnldc with the 
naked c}e. 

If these various forms of fnictificatiun bo 
submitted to nucro«copic cvnmin itum. sections 
through the yellow pustules will show* them 
to have that colour, because the iratisparent 
periderm has become loosened from the ri“*t 
of tlie hark; underneath the corky laveis 
w^ill be found n rod stroma of pseudo- 
parenchymatous hjphal tissue This stioma 

Us growth causes a gradual luplurc and 
loosening of the corkj and other la)ors of the 
periderm, wherever this takes place, conidio- 
phoies are developed, and give off uumbors of 
tiny, hyaline, ovoid or cvlmdrical comdia 
The stroma itself is somewhat s]>ong), and 
encloses numerous cavities winch also become 
lined with conidiophores At a liter jveriod 
the tissue enclosing these cavities ma) become 
dark coloured, so that structures similar to 
pycnidia are foimed In such cavities the 
red colour disappears, and the hjphac. coni- 
diophores, and comdia appear transparent 
The real pjcmdia ajipear latei, and consist ol 
a perulium of coarse psciMlo|\areiichj uia con 
taming comdia similar to those just desciibcd pir p' 

(Fig 99, a) From the openings of these buniumidiierammatic) 
pycnidia the comdia emerge as red tendriK, ,t'iu iirhit', and were^iu 
rising ns much as one centimetre above the preceditumnmir « ' 
pore Adjoining these lonns of s|)oroplioii* ri,Id hs'''dr«i''»ri* the 
lust described will be found others unde- " and*’' ^Le'imthecu 

, , . « < are already deVel j'ed 

volopecl perithecii with voung nsci , UarK- ‘“j* 
brown p>cmdia with biowmsh grt\, multi ('uurT Tubeuf) 
septate, compound comdi » , or similar pvemdia 
vvith unicellular spberual, brow mdi grev ciumlia 

Whcio tlio di'case Ills mule further iirtyre-s tlie imstulis 
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will he found chan^in" from yellow to black on account of 
the |<f'ridcnn and dead stroma becomin" darker. On dead 
brancIie'J the large cutihionn of fmctifications will he found to 
include; {«) i<erithecia v^ith a warty exterior and pores pet 
in a depres“ion ; (h) large pycnidia, standing out from the 
cushions with brown smooth coats, and full of comjK»und 
rnultiseptate conldi.i (Fig. 99,15; below* Xo. 3, «); (c) 
other smaller pycnidia containing the same conidia, hut whose 
pore is situated on a sharp prominence (Xo. 3, V). All or any 
of the three forms may he present. 



The niatJire perithecia have a peridium consisting of a loose 
p^Midopareiichyma with a rough warty exterior and a pore set 
in a fhstinct dcjirfssion (Fig 100.) The parnphyses are long, 
strong threads, often hranthe<l, and between them arise the 
long cylindnc.ll n'ci with rounded ends The nonnal number 
of ascosjKjres is eight in c*ach n.«cus, hut fewer is no exception. 

In n»ldition to the forms already described, pycnidia of still 
another port occur (Ko. 1, c). Tlicy are splierical, with a 
ilirk'colourcd co irsc j»eri<limn, and arc smaller than the stroma- 
p\criidic Thc“<c pjenidia contain no conidiophores, hut give off 
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unicellular comdii at fir'll white, bter gre) It is these pjcnidii 
wliicli cause the fine perforation » of the periderm of twigs 
Yet another form of pjcmdit, preiioiislj known ns Diplodm 
cytisi (Awd ) (Xo 4) This, like the hst breaks through the 
corkj lajcrs of the bark It nas a pendium composed of loose 
pseiidoparench}ma and, without the interiention of comdio 
phores, produces two celled conidia of a dark grejishhiown 



colour This form liowcacr 1 filled to find m the course of 
ni) uuestigation althougli I looked through much material 
Tabulating these larious forms of fructification we ha\e 


A PTCMDI^ 

1 W lute tni)«pircnt umll uuicellulir comdia on Ion,, conidiopliore^ 

(rt) tree on tlic ftronio. 

{I ) I nclo'‘od in caMtie^ in the stnmi 

(a) In cawties \<t not Te-^tflWmg pN-^nulii- 
(/3) In caMtiis with firm darh-ct loured P^rij her) 

(<•) Fncl>>ed in dark-c» loured free f acmdia, mth a j>endiuni of coan-e 
p'cml iwinnclMina. 

2 llrowi, unicellnltr, round eonidia in little 1 row n j \ cmdu (I ig 99, o) 

o 
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T Blown, imiUi''Cptnte conidii 

(ft) In blown, ^el} HrgtjSmtj tli coatwl p}cni(li'\ (Fig 99, i) 

(i) In chrker and ‘•iinflei p\cm ii nitJi jHJinted a{>eitiire 

4 Blown, bicelluhi conulu, in htt o pjcniilia {Dtplodia cijtisi) 

B Peri iifcia 

') Brown, imiltisepHte a'5co-<poi es, in peiitliccn genervll^ of dirk colour, 
itul witli deprc‘!se 1 pore (Fig 100) 

Cucurbitaria sorbi Knistcn bis fungus appears to pro- 
duce disease in a manner siinilir to Uthiunx It was described 
b} me in 188G^ from specimens collected in the Ba\aiian 
foicst-land fiom joung Ptjuts Axtcupana Thej uerc easilj 
distinguished in August b} then wUlieicd twigs, both bark and 
wood being killed in tiacts bj the mjcelunn In another 
locality I found well-de\ eloped perithccn, also on J* Anciqmua 

Cucurbitana pityophila Tric^ occurs on the living branches 
of ^auous conifers, eg Ctmhra 

SPKAERELLOIDEAE 

Sti^atea 

Ihc naked pcrithecia aic supcrficnll} seated on the sub« 
stratum 'llic nscospores, eight in each asens, are clear and two- 
celled Tliu siiecies are parasites. 

Stigmatea robertiani I'l (Britain and U S America) Occurs 
on liMug kaNCS of Geranium Pt'ihetlianHm 

St ranunculi Ints On living leaves of 
(Britain and U S America) 

St mespili Sor (U S Aineiica) Ihis spccits appeals m 
spimg as nddish brown spots on the leaves of wild pear trees 
At these places the epuUrmis hecoiuca ruptured, and cushions 
are formed from which blown conidia are given ofl fiom slioit 
conuhophoic'. Jhis stage was formtrl} known as Moithma 
ineqnh llio coiiulm are at first obovoid, but later seem to 
consist of four separate telU arranged in a cioss, and each 
furnished v\ith a tniispircnt bristle Bach comdmiii produces 
a germ tube winch pciietntts the cpuleimis. and m a mouth 

• 1 hi\c since foun I from ‘•a-cirlo thit tins fnneus was ilc^crilxMl 1 j Karsten 
{Xfi/co! lenii n a 1 ruinosilcicctos s rttaHCH/ ina« in I tnniamcn 1 it ineiHa ) 

It was, lioweicr, unknown for i.emianj to that author { Vuth ) 



new comdial cushions ina) nppy 
brow n 1 rom w inter to spniy/ 
eight spored nsci ins} be fouiyt' 


pp^ar TI 
lY brown 
lilt on the 


The injcclniin it'sclf is 
>11 perithecn contsming 
le same Itsvcs forimrlj 


eight spored nsci ins} be fouii/i on the same Itsvcs forimrlj 
occupied bj the conidn The/ colom less spores consist of two 
unequal cells, thej gcrmiinte^in Mi} before or after cjiiculation 
from the asci and bring abcAit new infections 

St polygonorum Fr occum on'lea^es of Poljtjonuii (Britain and U S 
America) . 

St andromedae Itelira On/li'ng leaaea of {ijromda poUfoln 
St aim Fuck On liMiig lenaea of Ainu* qlutino^a 
St junipen Dtsm On hainV nee lies of Juuti>erut comunms 


The mjccluim forms brown crusts under the host epidermis 
and there the perithecn detelop The asci are small and 
contain unicellular lijahne spores The peritliecn contain no 
paraph) scs 

Ascospora Beyennckii Vuill* The comdial foim of this 
fungus {Coiyncxim Dcycnnclu) protluces a form of the gum 
llu\ of cherr) trees Tlie m)celmm lives in leaves of cherr) 
ptach plum, apricot almond which in consequence become 
spotted and die off along with the )oung fruit "Miture 
perithecn ma) be found in spring Tlit fungus lives to a 
certain extent as a saproph)tc 


Sphaerella 

The delicate perithecn ire einbulded in the tissues of the 
host plant the) contain asci with two celled colourless sporc^ 
but no paraph) ses are present 

Sphaerella lancina Hanig'’ The needle cast fungus of 
Lu-cli This fungus is the came of u <1 Ulcerous larch di^tase 
louud e\er)wliere oxcejit in mount iiiious localities over 1200 
lULtres. The s^mptoine of distise consist iii the needles becoming 
brown spotted and falling preinaturcl) in suinnur Cushions of 
comdn arc formed in June on the brown spots these enlarge 
and fixmi their surf ice rod shajKd lour celled connln are 

' \ uilJcmin Ttlnit it tmrttx • te • 1 S*H» 

•1 Hdrtip tore h h rnl r r Z tt ri nfi p 4lo 

llrou^Ii the kin 1ne«s of I rof llartic «« h»%« be«n rnsblo) to »d I an 
Acvouit of t1 u mj>orUnt ne^ diMasr with tie acconpan^iig hgnres (Auth. 
«nl 



IM OMM I T 1 N 


i\\ilonu>tl (lij 10 1 ') ni tlu' intirun nf tin' in' I'rodmul 

tin% I oujOn {J ;>/"/) )>> 4«TU\\u\tM' 



Till' nvl 1 loiiidu intiri jurtnuluU llu' 1 n\i r lu nlK •' ‘■'f 
till. ito\Mi Atbl tliiM wmV'' tlutiUiir luM nmnlnl ru^liion" 



V (U r I II* t * > 

i)]'< ir lliiir ill UiliJlnn ml n nn firilititi 1 l^ 

wrt wi-tili r Tlu \inili(Hii (1 u lO-tl nii' imtiunl 
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spring in the fallen nccille*?, ^^hlch he on the gromul over 
^\lnte^ The ascospores arc mature ami capihlo of infection 
at the beginning of June. In forests of 
pure larch, or in im\ture with spruce, the 
ascospores are easily distributeil by w iiul 
In larch, underplanted with beech, the spores 
are kept down towanls the ground by the 
canop}’ of beech foliage, so that, dunng the 
summer, they cannot be carried up to the 
larch crown 

Hartig gi\es the following interesting facts 
on Its distribution 



“ As alread} reraaiked, the penthecia de- conidu*^bc(ore^^d' 'IFtcr 
\clop in spring on the fallen larch needles, Miwcomdu 

, , , t T » if I thp iJitfrior »! tJic 

and in low-1) ing localities the spoics reach ciuhw«* x (AOor 
maturity at the beginning of June New 
conuhal cushions are not found on the larch in our neighbourhood 
before Jul) Tiie parasite liis thus four months at its disposal 



A 



fur diNtnbution by moans of conidn As, howe\er, we a'coiid 
into tbe mountains, ibc snow ho longer, so that the penthecia 
cannot begin to form so oarl), the a'CO'jxires are corre^pomlinglv 
hte m n'aching maturitj and the ‘season during which the 
jnra-ito may spread is «till furiher ‘^luirlencd ba tbe eirher 
coiumcncemcnt of winter At an elexiition of 1300 mitre's. 



214 


ASCOMYCfcTK 


active ve^^etation begins 'vbout two and i half months later than 
in the plains ic at the beginning of June The season of 

mature spores of Sphiciella is thus delated till about the 
nuddlc of August On 2Gth September I found at this eleiation 
onl} i few spots on the larch needles and 
on these hardl) anj conidml cushions Lj 
28tK September this larch plantation uas 
alrcadj under snow 

It will thus be seen that while at a 
high delation the lirch can llounsli with 
a le^etatnc f<riod extending onl) to three 
and a qu irtcr or four montlis the Sphaciclhi 
has not the time necessary for its develop 
mciit so tint the 1 iich themoh mucli 
handicapped renums health) Siniihil) 
with the larch in Sbena it glows there 
as in the mountains ver) slow!) jet this 
parasite can no longer reach it 

Sphaerella fraganae in) fetiawlerrj 
leaf blight ’ In summer free conidia 
(Jmihna ftlasncx Sacc) and pjcnidn 
arc iiroduccd wink the penthecu ripen in siring 

[lliis destructive disease cf the stravvbertj has been ictordtd 
from all puts of the Unite I State® It first apieais on the 
u]jCT suiface as small rciUhsh spots wbicb rapidlj cnHroe 
the centres VMtheniig and brovining Tlio ^rowth of tin plants 
and the cropjicld is serionslj 1114 aired] (Idit) 

Sph gossypina Atks” [Cotton leafbholit is a disease on 
Itives of tlie cotton plant cuiscd Ij the C ;co pom stage of this 
fungus Small reddish spots apjear on the leaf enlarge and 
become drv whitish Hjots with a red margin Hit conuha 
are elongate 1 ind produced in long chains The a^ci contain 
ei^lit elliptical sjores viliich are sh^htlj constricted at the 
Fcitum when nnUirc one tell King nsuallj somewhat smdkr 
linn the otfior I his di<«c i®e fiequentlv accoinjnnits tl at one 
hnown as jellow kafMi^ht oi wosuc disease] (Ldit ) 

'TMca» CO » t hrp r S to ISS 

Scrllncr 1- L 7 jorl (7 s Dtjt of AincU re 18S" llito OtI cr 
pipers 1y Vrt! r 11 llcj nn I < Artnan 
* VtWii ton I U l I Torrej Itot i Cl I ^ol XMtl ISO! 
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Sph men Fuck cni«e3 a ainiilir dioeave on Jcnc3 of mtiUterr} (US 
America) 

Sph taxi Cke On tlie jcw > 

Sph longissima Fnck On iuing leaden of llromui atper 
Sph depazeaefomiis (Anenw) On Ining Itarea of (halin oceloo’Ua and 
Ox corniculato 

Sph brassicicola (Dnbi ) On nitlienng Icaifs of Drasiic^f (Britain 
and U S America 

Sph laureolae (De^ni ) On li\tng hates of Daphne laureola 



Fio lOa — « w Ictf of btt*w»<i.rrr The •ectloa throujl a 
»]• t •( o«i lumiMlon ofrvnilii. <t T V«uldel) 

Sph. hedencoU (Dexm). On htiiig leaves <f im (Bntain). 

AlU seller* «U*scnl>cs ctlier fun i on i\\ 

Sph Cibelliana (Pass.) On Iiaiiig leaves of Citru* limonuii and C 

Vietlieit 

Sph. poljpodit (Hal h ). On living fron Is < f /W/^<0(/iifni ruf^ ir? ifj {,iti 
/'i/ij'MJi' {tplfninii Tncl manr* /V<Tt» » 

Sph. Tills Fnck On withering vine leaves. 

*Uorth (. ‘^n itli 0\'nl'ntr * C>m**fi* XXl ISM 

*Allc«>.lier • I UttfleckcnVrankheit il l-phue* Z • *cA f I'/ IniniA'if'B jvao. 
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found right on into nutumu, e\CTi throughout the ^\lnte^ 
Hibernating ‘'clerotn arc al^o produced, the cells of ^^hlch grow 
out dircctl) into septitc coiiuliophores with o\al conidn 
I’erithecn, e\termU) resembling pjcnuln, are formed in JIaj 
and June on the fallen berries of the preceding 3 ear The 
asci ha\e gelatinous walls, wlncli swell and burst so as to 
ejaculate then 'ipores A’lala and Kaaaz successful!} infected 
liaing grapes b} means of the larger comdia, and also b} 
the germinating ascospores 

The disease is one of the most dreaded in America It has 
been found also in Europe, haaing been obscr\ed in Fiance 
since 1885, though not as }et in Gennanj, Switzcrlind, Italj, 
or Spam Moist situations are faaourable to it As with 
other diseases of the vine, the aanous \arietics haao different 
powers of resistance, and a judicious selection of \aneties maj 
pioae a good prcNentixe measure According to Viala, the 
black rot IS found m the United States on both wild and 
cultnated \ines, but iitaer on the fnnt of rxipcshis, V 
B rUtnew i, V cmcrea, V Lxt/srcoinn V Montxcola and V 
(viHiftcnns, and aer} rarclj on their leaaes The “Miie stocks' 
themscUes suffer little or notliiiig from the disease Ifathaj 
sijs that Vitxs xijxana V mpettrxs and V Solom-,, so im 
portant as grafting-stocks, are seldom affected , the green 
shoots of other species, lioweicr, maj be attacked and the 
disease be tnmsmitted thiough the graft slip 

For combating the disease Gallowaj Prilhcux and 1 Ecluse 
recommend Ilordcaux im\tnrc’ 

Laestadia buxi (Desm ) The iicnthecn of this species are 
found as tiiij points on aellow spots on the lower surfice of 
grten leiaes of bn\ This fungus regarded b) Desmazierts as 
‘'apropbatic is said Bnosi and Caaara to be parasitic 


PLEOSPOREAE. 

Physalospora. 

Tlio ixritbt-Cia rrt furiiieil under the epideriui'' but are 
otberwJ«c dcaoid of coaenng, tbea contain asci and paraph\«es, 
the sjM>rcs an. oik cellctl and oaoid or elliptical 


Uelalls 1 tl >f nl ) ihe Amencin bulletini 
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Pfc75a!9ipcfxIai'=rr:(Eor.'.rA)'>^n'.r.IiriT.:rt*‘i'.'*of C^t^fn Lrh 'r.>''r». 
Pi:. CzHtcoia J^icn On with^ric" l-nr*— rf ar.-i M•‘J^ ir. B-rlfri 

Ginlfii. 

DidjTnosphaeria. 

I'c-riih'irci.z 'irniLir to I'r Lnt Tri:h tTro-ctjIIe*! 

D:dj=:«phaefi4 genista* Fc'-k. f<r.Tir* cn 

D, epidersidis ^Fri*^). 0.i Isnnir I>rar. '! — • li'fl-'rit, - K 'r^'t. S'l^ls. 

ai'I (lititijti ar-l !*.>. .Ar:*Tfea> 

D. albescens 0:i Ii»r>i < /,f Z/"^ /-'.•r'r . ar. i 

n‘Tr\nT‘ tfu 

D dryadis ^^{^•aaz.). 0*t Mr— of h-jn /■.'-’'•j'' I'-t. (V>. 

An.-ri'ii). 

D. popniina Vut’l. Pnlire-sa a.vl rrr*.rl til- a* a 

at.'I tl » of a 'Inri'-o? of if.r'Aj.Ao-jt 

0*n:-ir.T ; li.j-tnJj'. on tL* o^tl.er I sr. I, a«-nf<»— tl.I* to [>■,’'! '-i /// 

Fr. 3,* a cf/f.''lisl f n’j of 

I.o^'irer, i: to I- ‘-ijro'J.ttl-*. 


Ventnria. 

Th- i^'ritht^.ia ato* io th*'; and hav*.- stiff 

r>ijii'l tho. foni; ihofy contain I/>:h pirapliysc? and 
ez;djt-«forf-d a-scL "nj*- sx«orc? ar*? ttro-conc-*!, tntfj or withoa: 
colciur. 

Vestsria gcranil Fr. omn »ai tLe Iirifi~ rf 

fi, »...//<, ♦•tn. 

V. remlds (I>-ia-). wjtf*-rico I-ar** of U"'. »r. fUriiaiii). 

V. tnacslaeformis (I>-r.i.). O:; livini I-av.^ o.f 

V. Termicriariaeforsls Fu'k. 0*1 x6-itL-r*’l l»are^ of o-//r.jw»vr 

iiA Zo.PxV.r-j 

V. Strasssn Si-cr. et li'.or.i. Hi:* 1 Ltv»- fwri'l a* a jiara-'ite oti Eri'a 
frjn »-t tii TyroL It {• 3lf> •aM tor ean.— a on Eri-nc*^* in Fruv*-. 


Th‘.' variojii^ cojrijd’al fo^na* a: pro'-r-nt plar.»r<l arnont:-: thy 
" Ftiri;d iinfio.-rf-cti ” a- are proViblv relatc-il to 

Fevft'rin. 

rusicladinm deudriticoin Wallr. f<n apple, and F. pirinum 
lih. o>n fro-ar, are at prt-^'rtiC tfie *-uh]^.Z of an inve-tfiratfrin at 
thf: hand^ of AderliriM,* who Iia-, on a».o.orint of their f*:ritliecia, 


*//«''''. t{^ I't »>>', ix'j'fj. df Fn'i'*, Cofj-f, r’li-!., 1^*0; A"~‘' rx’j'rj., 

* A'5*rf oM, •• I>.*- IVritf.^ri'Tif rfm t. /V«, dn>dn!>vj \ " Vo/fLicff * ilittK'flst..', 
Z>r. d. tr-yO'la, 0/.^., leol, p. 3S». 
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^iHced them in the genm T’fn^ioir His iinesti^itions are 
ho\Ne\cr not qviite complete 

The scab or black spot of apple and ^car is a ler} fmuliar 
disease in \.inenca and elsewhere It attacl s lta\os )oun^ 
shoots and fruits Diit} giienish spots appeal first tlien eiilar^ 
ing the) run together and darken in colour till almost black If 
the attack occur on )Oung foliage it mai be dwarfed and 1 died 
the newl) formed fruit will m such ciscs be attacked shriael 
up and fill If the ittack be deferietl till the foliage and fruit 
are well adianccd then spotting lesults iiul the fruit remains 
hard perhaps cracl " The conidia are o\al umcellular and 
)ellowish brown tliei are produced fiom “shoit comdioi liores 



v.iU\ swrts 'Ahwb ow wf 1.1 frww 

(1 ig 107) The jeilthecii (as aet kscilK 1) iie di«tinj,ui hi 1 
ha blick lristk*« surroundiu* the i*iii mil oc ur on fdl n 
ka\es Ihe u'lCi c ntain ei"lit f,rtem<ib laoil '‘{ire-' with two 
or time cell 

111 alUtion ti the injnra to liiai** an 1 di tnicti n of aomi„ 
fruit the distiquruion tf the ajjk 1 a cm i of t<n«iierall 
moiiilara lo s Dibit lord m\ 01 cojjtr Milj hate niiviiire 
apphial Kf’ri tin iHiiiiu <f bud and once or twin after 
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“ setting ” of the fruit, is recommendeil. Xo fungicide should, 
however, be applied towards the ripening cea«on.* 

GibeUina. 

The sjiherical perithecia me embedded in the etrouia, their 
necks projecting. The asci contain eight brownish spores, 
oblong or spindle-shaped, and bicellular. 

GibeUina cerealis Pass. Tins parasite of wheat has hitherto 
been fairly common in Italy; recently it has appeared with 
disastrous effect in Hungary. Acconling to Cavara, it protluces 
on tlie under part of the steins, grey plate-like coatings with a 
brown margin ; these may remain as spots, or enlarge till they 
fonu a ring round the stem. The perithecia are little black- 
points aiTanged in rows, and embedded under the ejiidermis, 
e.xcept the black projecting nocks. The asci have thin walls and 
break up inside the jierithccia ; they contain eight sjxires arranged 
in two rows. The spores arc spindle-shaped and bicellular, but 
tlieir germination has not as yet been observed. The mycelium 
is found in all the host-tissues, besides forming a stroma-like 
sheath round the stem. The plants attacked become brown and 
limp in early summer, and no fruit is produced • 

Cavam recommends early removal mid burning of affected 
stems, and the. cultivation of crops other ihiiu cereals on the 
infected ground. 

Leptospbaeria. 

rerithecia black, i-arely uith bristles; at first iliey arc em- 
bedded in the host, without a stroma. The spores occur four to 
eight in each ascus; they are spindle-shaped and generally 
nuilticellular by means of cross-walls only. Thiead-likc para- 
physes are always present. 

Leptospbaeria berpotrichoides de Xot. This species, gene- 
rally regarde<l as a saprophyte, was found by Frank ^ as a 
parasite on rye. The stalks attacke<l break over at a node or 

‘Furtlier ilet.iiU of tr«atJiie»t-eTi>enintfnts «re 'n amf Scpil>ner’» 

“Tlej>opt on Experiments for ISSO,” (/.S. Amrr. />»/.'. 0 / .l;irieit/tiire Jtull^tin II. ; 
alvtin tlie ItuIIetins of \ariow» Etittrimental StAtion*. Tiie aI>o\c Account has 
Uen considerably extended by Bid from the An>eric.-in Jiteratiire. (Edit.) 

•Caiarri {Z'itffinjl f. Pjia^winlnumXhtifn, III., 1S9.7, ji. 10) givM a dctailol 
.iccoant of this fungus with illustnitions. 

*FrAnk, Z>it<'hrijt f 1S97. 
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just over the root, thus roseuiblni" the sjniptoius accompinviiig 
an "attack of Hessian h'ly 

L tntici Pa*'! is siid bj FniiK to lie destiuctnc to vlieit in Oeriimn 
(Seeal«o Clado*ponum) 

L subtecta Wint * In Tjxol the {leiitlucn of tins «,]>ecii.s accoinpui} 
disease of the lease's of £nca carnen SmiuUancoush Uypodennn encae 
Tub and Sphaena enctna lub ueie found, the fonner appcaruifr to cvuse 
the disease (^ee ji 231) 

L anceps Sacc. Ou haing biaiichea of Ribes rngntm 

L viUgena (Schulzer) On h'lng teiidiils of the Miie 

L circinans Sacc. (‘•ee Itht octomn p 201) 

L stictoides Sacc. on L}notltttdton tuUpiteru is an American species 


Pleospora 

The black penthecn arc not developed on a stroma, and 
are at first concealed in the host tissues onlj The) contain 
paraph) ses and eiyht-sjiored a«ci The spores are multiscptaie, 
and generall) coloiued 

Pleospora hyacinthi Sor* piodnccs black coatings ou the 
bulb-scales of h)aciuth The in)eeluim inside the tissues is 
colourless, but outside is dark red, and Us presence causes disease 
ot health) parts Certain peruhecia which appeal on the bulb- 
scales in autumn may perhaps belong to this fungus 

P. tropaeoh Hals is given as a dj«ea«e of Tropaeolum in V S 
America ^ 

P. hespendearum Catt The conidial form {Spondcsumm 
hc’fp ) appears as a black coating ou the orange 

P. Ulmi Fr (terj mtno) AUe^cher, causes a loaf-spot on )oung 
Uin-scedhng‘«, and the leaves drop ofl prematurcl) 

P. napi Fuck is the caii^e of rape "smut Leaf •spots cart) mg 
conuhal cushions cntmsifm Kuhn) appear on the 

rape and ollur allied root-crops 

Other “bhek hniiit-^h'eVN«rs hv\«f bwii ^-erdn.d to Polydesmua (Spon 
desmtum) exttiosum (urr Jfvet) on cvirot , Helmmthosponum gramineura 
R\lih c-iU'iii,* with»rii>s of r\e tud Uvrlcx , and Spondesnuum 

putrefaciens FiicV. «hich ittick^ and kill-, the \oini" heirt If»\fs if Lti’l 
root 

*% Tul'cuf, hvtan CtntralU'Ut, Xii , l^sS 

*‘v'raucr, «f Pifan lU Aufl., p aiO, *n I Untmti'K, 

lifi (fir / III iiUrowlt'if *1 «/ WynfiwtAr/i Ltlpzi^, ls 7 s 

*,Y Jfrr^y .line. /V;>rr. Stnt, I IS 
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Dilophia 

lilt. ^Linis Is pin itiL iml Tin. jxnlhecn 

lun'vni t.mbt.tWt.tl m the nos of iht. ho<t pHut 

Iht a«i.i conl'iin ei^ht tnn<ipireiit tluxail liki finch pointotl 
niulticelluhi •spores 

Dilophia graminis Siec (llntiin) This cm ls tlcfonmti of 
the loi\(.<? and intloro cenct‘5 of wild s:m« l-h, al o of nc in 

I nnct and wln.it in rnclaiid niul bwit7crlmd l-uckcl i-'‘«unies 
a relatioii'shjp bctucen this •tiKCiis and Dthih^ joui 

Hoeni but tins wc rttrml is doub'ful 

Ophiobolus 

Kiitlncn cutcixd and alim t -spherical the\ contun pan 
ph\‘*e'5 and euht <poretl i^ci The -^poixs an. hiahni oi 
jelloui h tliKulhko and unicellular or 'sopfatt Ihe fungus 
i«3 mmutt, and inhabits «tcins and hauUns 

Ophiobolus gramims "icc waa indicned h\ riilhcu\ 
Delicnia and t'cliul m\ as the cause of a cenil diti'se in 
innee The cereiU attacked broke o^cr \en ea<ih iieai the 
cround thcA continued to dcxelop but priduced cars of i jKior 
(j^ualitA and often quite withered Ihc th^ca e wa de unaled 
nnladie du picd des tenalc« and dccnled in Ttwr tUfUf 
pniclijm IbOJ aho under the name h mdidie ilu pied du 

II m TniiuiM ibi hUi dc j xthJ n] txU tn t ojnnoM 
I'jOO The poiitheeia liiae a cui\e'<i literal bcik, the i^ci 
contain eight Ions? •spindle <lnjH.d malti‘=ept ite 'tpore 

hnnk il o iccoids this di^ci'^e as injurious to whcit in 
Oeinnm m IS 94 


GNOMONIEAE. 

Gnomoma. 

VerUhecn wiibout a stroma and ptneraUj remauuns; 
cmle bled m the ho t ti •sue with onh a hoiked opening pro 
lecting lht\ contain no pariphj«e Tin- i^ci ha\e i thickened 
ipev with \ fine ctiitnl jioix The h' aline <spores con-sist of 
from one to four ciH 

Gnomoma erythrostoma Auersw * Tins is the cause of an 

'tnnk I I itt/iffh lotn Ct* 1S''6 s* \ ISs" ftlss J 

/ /fi f Irti la IS *1 



GNOMOMA 


epidemic disease of the cherr} aiiitm 'ind P Ccra^us) 

obser\ed lor se\er'il jenrs past in Xorth Gernnii} and else 
\\here Tht fungus attacks tlic IcaNcs and there the m}celium 
glows The leiNCS withei piematurel} but remain all winter 
hanging from the tree bj a reddish brown mycelium I’^cnuln 
and pentliecia are produced in the lca\es the latter reaching 
inatunt) in spring when the two celled ascosporcs arc ejaculated 
The picmdia contain short conuliophores bearing hook shaped 
conidia The fruit i" also attacked and ripens unequallj so 
that the cherries are distorted then thej crack and rot 

Frank has succeeded in canning out artificial infection lliis 
takes ilacc m Tune and iminediatel} on germination the germ 
hjpha produces an attachment disc on the host epidermis whence 
i lijphal filament penetrates the epidermal wall grows through 
the cell and reaches an intercellular spice A thick septate 
mjcelium is formed and spreads cspeciall) amongst the spongy 
parenchjrna There is no stroma and the penthecn hibernate 
on dr) lea\cs 

Franl recommends the plucking and burning of dead leaves 
hanging on the trees Tins must of course be done throughout 
the whole district attacked In one part of Prussia (Altenlande) 
this precaution was taken twice each winter for two )ears 
With the result that the disease which had long conipletelj 
turned the cherr) crop disappeared and the harvest iiicrtastd 
to Its former amount 

Gnomonia quercus ihcis llcrl' causes brown spots on leaves 
of Q icrcHS Ilex 


VALSEAE 

Mamionia. 

I’entlucia produced in a blick stroma from winch thtir lon„ 
necks project The n^ci Invt a thickenetl apov an 1 contmi 
eight o\al h) aline sports with one or two cells 

Mamiama (Gnomomella) fimbriata lers (llntam an 1 I s 
America) Tlic stromata of this appear m summer as little 
Hack cushions on the leaves of the hornbeam (Cir; ijih's) The 
j enlhecia are developed m these siKits and tJieir lon_ Lhck 
leaks projecting di«tincih alwve the surftce tf the leif cause 

* / t tn U I at^oj « nlf j 
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^\hele lea\cs of the 'ilder are dried m summer for use as 
inter fodder for goits 

In the branches attached, a mjcelmm is developed m the 
Nessels of the wood, whereb} the supplj of ^\ate^ is stopped 
and the bark dries up Black lens shaped stromata arise 
under the epidermis of the tnig and nipture it Tlie peritheeti 
are produced under the stromata m the bark and communicate 




with the cNtcrior means of lonu projecting nLck® The 
neci contain eight unicellular spores of a slightlp bent rod 
like shape Jfatunta is reachctl on the drj dead twig 
I xtcrinlh this di«ca<e is identical in appearance with oiii 
I accertauual to be due to a beetle {Crv] tirhynch ^ lapnthi) 
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Oil' hiM ‘if which him^ ciinh m Oic wood of aldcr'^, binhcs, 
nnd willows ciusnij? thuu to t?u 

Most of the other species of lo/si c iu«c onl) lonf spot, or 
occur on lUul lisxes 


Anthostomn. 

llio penthoen are tmlieililcd in iho Mihstntmn or stronn, 
nnd hsM j’Lntrxll) Ion" lucks Ihi nsci conlun ei^dit brown 
or bhek, o\s! mncollulor sjKnxs ririph}scs arc alwa}s nb«(.nt 

Anthostoma xylostci (IVrs) oemrs on lnin„' ami (had 
hi \nchi.s of lonxrnn At// Innn (llritun) 

AnthostotnelU pM«nA I'l •» o« l<Hf» of mil 

kilU tliini 


DIATRVPEAE 

Calosphacna. 

No hlroma is foirntd the p nthcen arising or m 

groups in the b\rk umKi the jHrnlcrni, tht} hate ofun loiij; 
beaks The a«ci are clnb shaped and freipienth lon^ stalked , 
thi) contain eicht or more «j>ores which are little unicellular 
ind somewhat curNed 

Calosphacna pnneeps Jul occurs on h\iuq bnnehos of 
cheirj and plum (llnlxm and US America) 

Quatemani Persona lal las 1 lack | ntl cia an 1 acconlinp tn a\ill 
konan cui-^ail \tli i f twifr* « f 1 cli (Bnlam ami America) 


MELANCONIDEAE. 

Aglaospora 

'llic icrithecia are Jiexkcd and cmbcdilcd in the stroma llio 
sporis are furmshed with appiudajjes 

Aglaospora taleola Tnl* (7?< t/wr//ir tnhola hnes and pnx 
liaM) marl} rohlcd to those Mtlnnc ni with njipenda’cs on 
tluir sjxores tq Mel //r/r/e/t, preMousl} known as Aqlrxtx porn 
t) r! lul) (llritain and US America) This fungus cniscs 
a di" isi of twi},s and sounq stems of oak which ha\c not 

•U Ilartik I II e krcl vartitc Rin Icnkrankl cil «1 licle /orst/i A rat r»c «f 
7 r. }r\/7 isaa 
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ns jot formed a bark Portions of the nnd become bror\n 
dr\ lip nnd peel ofl this on stronger twias mni be followed 
b\ n more or le s complete occlusion of the wounded part 
The browning also extends into the underhung wood The 
micelnim is found both in rind nnd wood where it probnblv 
obtains entrance through small wounds in the bark In the 
second near after inftction n circular stroma is formed in 
the bark under the penderm Sickle shaitd conidia are 



To IIV— I net]vra Mao. IVrt a <>1 c«rtex t(Ub tnteiJ'd 
<1 Corby Uyer (p x(t«r rctsonl ct <\rl;y L r«r r »< tl & of ttninx. ( x ) 
(\fter IlMtie 1 



F q 11* Q of Atrotoi of tt UoundvT 

of •tioma f nurd of «!. rk brown /oDt, a nyecUum 
{ s>.!ervD byma s nxid ct tl c rortes r roji J d ou h «4t 
d uni a of neck of two i<cri becu. ( er IlartU. ) 



r 0. US — a ConldU 6 a 
ayoro of O oo .pro to 
\x {Ifterlltrt:^) 


suj)orficnll7 aljointcd from the stromata while embedded 
in It arc groujs of penthccia With necks which join tof^tther 
into one or a few common channels opening extonialh The 
asci contain ei"bt spores which are two celled and boar ti\e 
threadlike append \^e one on each end and three round the 
me Inn eeplmn (Iig 11 o) 
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Ag. profusa Tr (Britain and U S America) This occurs 
along \Mth, and probably is some form of Dothio}cUa rohimnc. 
Pnlheuv and Delacroiv* blame it for killing young twigs of 
Rdbiina pscudacacxa in France 

Fenestella. 

The stroma is similar to Eit-Val$a, and contains se\eral 
long-necked perithecia. The spores, eight m each asciis, are 
coloured and multiseptate, as m Cueurhilana 

Fenestella platani Tav, to this is probablj related Gloco- 
^orinm nrrviscquxum (Fuck), the cause of a disease on the 
lea\e3 of Platanii^, and desenhed under Gloeoqwrwm 


(3) DOTHIDBACEAE 

Phyllachora. 

The perithecia are small and produced in a black stroma 
buried m the tissue The asci contain eight hjaline o%nl, 
and unicellular spores 

Phyllachora grammis (Pers) (US America) This species 
causes elongated black swellings on grasses and sedges (Luzuh 
and Cara:) The black pcnthccia occur massed togetber, and 
embedded m the leases The asci contain eight h} aline uni- 
cellular spores 

Ph tnfolii (I’ers ), with conuhal form known ns Fohjtluincuim 
tn/oln Kunz (Britain and f S America) The iinctlium 
causes the formation of roundish dark spots on the green 
leaves of clo\er frequented hj it, and death ultimately follows 
On the spots, especially tho^e on the lower epidermis of tlie 
leaf, the conidiophores make their appearance as brown '•eptate 
structures, constricted at inter\als eo as to become rosary like 
they boar terminal, brown two-cellcil conidia, the iipjitr clII 
of winch IS somewhat spherical, and larger thin the lowir 

Ph. cynodontis ) On wf Cynodi/i D-uti/hii. 

Ph pod*fran*e (It 'tli X 0« Imii^ of Ar-juj-o’/iun) Po-/ lyntn i 
(llritunX 

''ome other nro fouixl on withering lewe-c 

^ ImUetin 4'0' «/<’ f'ran't, 1^'*0 
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Diachora onobrychidis (D C)^ This fungus is common 
on sainfoin {Oi^obrycla<i mtaa) and Ijitkyivs tvhaosxis, causing 
black spots on both surfaces of the leaf During summer 
pjciiulia arise on the spots, and from them aie produced spindle- 
shaped conidia (sperniatia) with taiHike appendages Later 
there arise spherical penthecia containing asci arranged in tufts 
on the walls The asci coutam eight oaal, hjaline, unicellular 
spores 

Bothidella 

The penthecia are black and embedded iii the stroma, 
similarlj to Phylhcliotu The pale coloured spores arc, how- 
ever, two celled 

Dothidella betulina (Fries ) (Ihitain and U S America ) 
The black stromata foim spots on the upper surface of 
birch leaves In these the penthecia aiise, and reach inatuntj 
in spring The asci contain eight elliptical greenish spores, 
consisting of two unequal cells with rounded off ends 

D ulmi (Du\ ) (Britain and U S America ) A species 
similar to the preceding, and causing round blistered spots 
of a grej colour on the upper surfiec of elm lea\es I’jcnuhn 
{Piggoiia astxotdca) arc formed in summer, penthecia m the 
following spring 

Dothidea 

The stromata have the form of black projecting cushions, 
in which numerous penthecia are embedded The asci contain 
eight grejish or brown spores consisting of two cells with a 
constriction between them 

Dothidea virgultorum (Fries) attacks hvn>g branches and 
steins of birch and deielops furthei on the dead parts The 
stromata originate in the wood, then breaking tbrough the 
bark make their appearance evtemallj as laige black cushions 
■\Vholc stems may be co\tred by these cushions 

D sphaeroidea (Cke) occurs on living needles of jumper 

Plownghtia 

Tlie stromata are black, and iim together in masses llie 
nsci are eight spored, the ascospores oioid or oblong hyaline 
or light jellow, and two celled 

*J 'Muller, Prtt jihttmU Ja} rhurh, 1803 
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Plownghtia morbosa (Sch ) (llntam 'xnd U S Amenc'i) 
Bhck knot of tlie plum tree' In America this is a \er} 



injurious and widel) distrilmtcu disease of aarious species of 
rnnus especially plum and cherry The Ining branches ml 
twigs Iccoine coated witJi a crust of narty excrescences and 
at the same time art more or less thickened and cltformed 
A mactlium permeates the tissues of those swollen twigs and 
forms bhek crusty stromata m which the perithtcia are 
eml elded Tlie pirillucn contain simple paraphy ses ind eight 
sporcd nsci llu spores consist of i larj^er and a much snnlkr 
cell (1 \cno comdia art j n luce I frequentlv in nrtificiil cultiin 

Ft! I P * ry 1 t to 1 srt > IS"C 
III 1 j 1 rr\ it t ml I i-ori of Va«« I s or o ISOQ 

1/vIp in (( n If ( I. fr,»r s n/ o I »Il I n No SI 1^04) gne» 

pirrntl nccot nt f 1 1» L ki nt *i 1 • 11 bli ^ni] I } 
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but are rarcl} found in natural conditions, as jct infection 
asith these Ins Ind no result) 

[Iteniednl tre.itment must be promptly applied Trees liable 
to attack should be frequenth examined, so that ana aoung 
knots nn} be earh renioaed If the disease is of long standing, 
the only remedj left is to remoae all knotted branches and 
bum them immedntel} ] (Eilit ) 

HYSTEUI \CEAE 

The a'^cocaiqis of the Hastenaceie, like tho^e of the Di'coin}- 
cetes, are known as apoihecn Thej are distinguished from 

those of the r^renomjeetes and Pensponneeae m tint 
the o‘5COcarp, although formed m or under the epidermis of 
attacked phnt*organs, is not a closed structure or flask opening 
bj a pore onla , it is, indeed, at first completely closed, but 
later it, as well as the cpiderniis coxenng it, splits open and 
freely exposes the avholc hyrocnium So long as the apothecium 
IS closed. It IS filled with paraphy«es between which the 
deaclopiiig asci gradually wedge thennohes. The spores 
are generally thread like, with a gelatinous membrane Tlic 
mycelium li\cs intercellular, and is oficn parasitic in hamg 
plants The apothecn, howeaer, only reach maturity on parts 
which base been killed In addition to apothecia, little pycnuln 
(spermogonn) are formed, containing small unicellular comdn 
The Ilysteriaceae include the JlystcruKae, ITifiwlcnnxcac, Dichac 
naccac, and Acrosjvnnnciac 


HYSTERINEAE 

Hysterographium. 

Apothecn black, highly aaulted, and dehncing by a linear 
fi«sure The asci aie club shaped ami thick-walled, they con- 
tain eight multicellular spores, winch are at first transparent, 
but later dark coloured Tlie branched pamplij ees of the 
ujiper part fonu a coloured cpithecinni ^ 

Hysterographium fraxini (Pen) (iJntain) This occurs on 
\nnou3 Oleiceae and «ome other species of woody plants 
*Tlie eTcipulum of IK. l~irj 
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Iiostrup* regards it jvs a pansite on Frminns Tvijgs of tlie 
ash attacked show flat collapsed plates of bark, on which are 
de\ eloped p}cnidia containing one*celled coiudia, and, later, 
the apothecia On joung twigs the diseased part often e\tends 
round the whole circumference, and causes the death of the 
upper living part As jet I have only found this fungus as 
a saprophjte 


HYPODERMIEAE 


Hypoderma 

The apothecia arc oblong, and at first closed bj a thin black 
cover, which opens bv a long fissure The asci are sessile in 




Fio ll — //»i«></friHa *tro fo(o I»oL\te<l 
Mowpore* with ked witbn it a (^cUtinout 
o kt »nd onf i-r two-ctUed (A/ler » 
Tub«u( ) 


‘iome species but have a dclicile stalk in others The spores, 
eight in each n«cus are never long and thread-like, but alwajs 
much shorter than the asci and two celled when mature The 
inr\phv«es have button slnpcd or hooked ends 

Hypoderma strobicola- (Ilostr) Xcedle-bhght of iht Wev- 

' Itnstrup fort^nlU Cti hrtoijtlfr or Suy/WiTtm;"* -tnyrtlf pna Slot 
Irormr issS 

VR'^tnip forffnlt' Uii Ur^Of rl*'*' IS^a 
\ TlOicuf init - AffiNfHM* LoMtntrai Ih'tlfH JSSS, •!$» Dotetn 
XLI . 

VV lifti 1 iloci le«l to lilacs IjOfhoiUrminm I rnr},yipor«>n ud ler the 
pnn* llv}'c^l'rma there «!reAi> exi teil a {ra'hyporum ^pe,. 

i<r the tuliire I ihall thirefure call Lojh fmrhyporum I<ietr a.« 
y/y^>o>/ rtno *fro^ I'X-Zo 
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inoxith pine According to the obsemtions of lvo«!trnp in 
Denunrk, nid inj^elf in \‘irious locnlitic's of Gcini'in}, thic 
IS n d'lngerous p'lnsito on Pours Strobirs 
It kills the needles and }oung shoots 
and nnj denstate whole tricts of forest 
The discaseil needles beconiL brown in 
suiiiniei, and full oft during next winter 
On them are produced npothecia containing 
club sha}>ed a^ci and paiaplnses with button 
shaped ends 1 he eight spores of each i«cus 
are at hrst nuieelUilar later appaicntl) bi 
cclliilai and enclosed in a \er\ inucilngiiious 
coat The asci ha^e an aieragt length of 
120^ the spoies 20/t and when swollen 
28 to 10 / 1 . 

H pimcola llniiich’ foinis hneai apothccii 
on needles of Poms syhf (n 
H encae Tubcuf In Tjiol and Aoithtin Itah this fungus 
causes a disease on Pnea canKa It is common ind epuloimc 
causing death of the leues 

Hypodermella 

Similar to JTtqwihnnn except that the spoie> art pm shaped 
and iniicellulai , thoa otciu fom m i ich iscus and ue shortci 
than it 

Hypodermella sulcigena (Link)’ has fom long club shajied 
unicellulu spores Lostmp rc..iid'> it as paiavitic on Poot', 
vionUtna and P lyhcbtns its injccluim King found in li\mg 
green needles and ciusin* their deith 

Hyp lancis Tubcuf This is a now fungus of tlie laich 
needle found bj lubcuf on the Sonnenwendstem (La\arn) in 
September 1894 It was present in laigi quautit\ on Indus 
on tbe upper pirt of the monntiin and was in L\ei\ wa\ so 
decidcdlj jansitic m clnnetei that there is little doubt as to 
its being an epulcniic disease The full glow a ikciIIls on mm) 
of the f)lnr spurs had died off and turned blown TIu 

> llriinchorst iXe;/<r t or If » r i I fr*tf « 1/ « isng 

*> Tulciif Hold Co /ralllatt \\i ISso aj 1 l\i ISl 
*Iostnip J-orlmlti Ci hr O' i h r ISSl 


FlO 113. Lcnof£n«i 
earn a will aj'otl cell of 
lluptiitr a er fa« on t1 
lo er eurtaco 1 An 
Cl tiro ft d a del ic s 
ft C I fttlVO.CCllC(l»«CO 
epore (r Tub ( del ) 
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npothecn were present on the upper surface of the needles as 
isolated black spots oi united into lines the} dehisce b\ an 
elongated fissuio Ihe nsci arc cahndrical with rounded apices, 
and measure about llO/e m length, the} are almost sessile 
Eich contained lour h}aline unicellular club shaped spores 



Bp tbecnfon >1 1 i>«*ob tl oi ccdlt* 

^«c II eontalnlns (nur ip re* <«nnrk«4). 
b nfile ij'orc wltli • (fil »Unn i c< 'er 1 1 . 
(itilt f rther enlirsid). <Cu| hot 
Itostnjp ) 


I 



Fir 1*0 —Ilypodtn iffolnnfi LarcL 
D««4l«ttHh niiotbecM on tl e undir lido 
vi rtrtph}t« Bud an s cus containing 
fo r iporci S UoHted (enlarged) itcv 
•jwire (u Ifl geiat no >i coat (t Tubeuf 
del) 


(06^ X IG/u) With a gelatinous inembnne Tlie panph}se3 
are simple li} aline filaments shorter thui the asci 


Lophodermium 

Ihe oblong apothocia au embedded in the host tissues under 
a thin black co\er winch btcaks h} a long fissun The club 
shaped a«ci contain thrnd like unicellular spores with a 
inucilagiiinus inembnne The paraph} •ses are sometimes septate 
and fnriii'shcd with hnoktd or Imlton shaped ends The s]iorts 
rcich iintvirU^ on killed jxirtions of pUnt® uul are forcibh 
rjujjJjtid IJjt furjHJlJon »f pycnuln pneedes 

tlr of apntlRcn Afain memltrs tif this genus are tliatructi\L 
enemies of pi int« 

Lophodermium pinastri ('H.hrid)‘ Tine Might ur needh 
ci«t (I’ritain and I '' America) Tins di^t. i^o if the •spots j im. 
ti'iiii't M//rf ^risl IS M.n injurious to souiig plint« t«jH-cnlh 
lho«L in mirscra^ 

‘lUrtlL />! If'* of Tntt «^lit IsOI 

l*r»ntl / on |s7T »!•' ftr^rm « C*i irat'Jati issfi. 
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Casting or premature withenii" and fall of needles is not 
uncommon in nuiseries of pine Amongst some of the causes 
which lead to this are * fiost drought in winter on frozen 
ground free from snow drought in summer on drj soil over 
crowding of plants in the niirser} and finallj a casting due 
to fungi 

The symptoms m the case of the present fungus are spotting 
and withering of the needles due to the presence of a mjceliura 
inside them In earl} autumn oi later if the ^\eather be dr} 
the p}cnidia (speiraogonia) make their appeal ance as little black 
prominences containing tinj unicellular conidia The fiat black 
apothecia are developed later on first \ear seedlings during 
the first autumn or on older plants duiing the second autumn 
but generally they do not appear till the third jear, the} 
reach matunt} on needles still attached more frequentl} how 
e\er ou fallen ones Dehiscence consists in the rupture of 
their delicate black eo\eniig through pressure of the swelliDg 
nsci and spores in damp weather Ihe asci are club shaped 
and contain eight thread like one celled spores more or less 
twisted round one another The septate paraph} ses ha\o a 
sliohtl} bent point 

Diseased seedlings die off geiieiall} without loss of their 
leaves Two }ear old and oldei plants are always weakened by 
the loss of needles and in sc\ere cases aie killed On such 
the casting oi sudden fall of all infected spurs and needles 
tikes place in spring The m}cehum often males its wa} 
from the needles into the tissues of the shoot and then death 
of the whole plant soon follows Disease of the needles of 
old trees ma} also occur without inflicting much damage on 
the trees themselves the} will however net as centres for 
infection of }ounger plants particular!} those in seed beds 
111 I nurseries in the vicinity 

Confirmator} experiments ou infection of pines b} this 
lojhodeiimum weie first carried out b} Prautl later by Tursky 
and Ilartig 

The disease appears with such virulence and frequenc} that 
the whole of the }oung pme giowth of a localit} ma} be 
destro}el It is thus a most dangerous disease and at the 
same tune one difficult to combat Districts which have 
* Itokncr givca a 8un mary ot nuoicro s tl conea on leaf cist (Fre sing 1S77) 



LOPHODFRMIUM 


suffered by it should uherc other soil conditions peimit, be 
planted with We) mouth pme {Pinus Stiobus) and the Doughs 
fir (pAcndofsnja Povglasit) which are as )et exempt from 
attacks of this parasite Infection would seem to be brought 
about chiefl) b) westerl) winds (in German)) which carr) 
diseased leaies or fungus spores from infected 
places Large areas run greater risks than 
small patches or )oung trees naturall) sown 
out Seed beds of Scots fii should not bo 
placed under the drip of older trees of the 
same kind particular!) if this fungus is 
known to e\ist there Shelter belts of other 
trees often afford much protection from this 
disease ^ BproU 

Lophodermium macrosporum Hartig - ^ "’(AitW 

{Ilijstcrivm) (US Aincnca) Scab or rust Reump) 
of the spruce This disease exhibits itself 
m aanous wa)s Freqnentl) tlie needles of the preceding 
year turn brown in spring and penthecia are produced in 



1 2 
Flo 1"1 — 1 lophodtr 



•summer rcaclnng matuntv on Iwoiear-old neidles \gain tlie 
iieixllcs of till two\carold 'hoots become brown in autumn 
and pcntluoia nj pear on them m the following smnnier 

•Prcifntnf n ci»ure* »r« m greater tlela I tn I'ro* • 

traniUtioD of Htrtij: a /» •'n* * ff TWr* j*. IIS 
*11. llartig tt d no! I •lume 1S"4 
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ripening in the spring of the fourth jeir Or ngim a 
casting of bioiMi onejearold needles mi} take place in 
autumn 

The disease is found e\er}uliere but m some parts {eg m 
the forests of Saxon} it is exceeding!} common and ver} 
duigerous The apothecia are dex eloped as long shining black 
swelling's on the two under surfaces of the qiiadr insular needles 
(Fig 121) The club shaped asci emit 
thread like spores witli gelatinous coats 
The ascospores produce a strong germ tube 
xvhich o^’ows inside the needles to an 
intercellular m}eeluiin witliout haustona 
Browning and shrinl age of the cells of 
attacl ed needles soon follow The m} ce 
hum also penetrates into the cells of the 
eiidcrmis and develops there a coil of 
h}phie which under a black membranous 
cover forms an apothecium containing 
pai*apbyses and club shaped asci (Fig 
122) ^Mlen ripe the apothecia rupture 
the o\crl}ing epilerinis Little black 
p}cmdia (spermogonia) may also occur on 
diseased needles* On needles which have 
been prematurcl} cast onl} little spherical 
apothecial knobs will be found 

According to Hartig the effects of this 
Jua '^^'^Sp’uc” fungus on the cells of attacked needles is 
(.on^"iaTe fferro nnted V BP} interesting If the diseasG of the 

in de t e ascui (A(te .. « i i 

It uartff) needles appears m autumn ti c cells vvlueti 

at this tune aie void of starch become 
brown and die If the disease attacl s in May when the 

needles are rich in starch their death ensues soon but the 
starch onl} disappears grad lall} from October onwards as at 
is used up b} the fiin„ is h} phae If the disease appears in 
spnn„ when starch storage is just beginning the cells already 
attacked become quite full of starch wliereas the other cells of 
the same needle remain empt} 

*I»oll e Btr I i ch chtst FoTft ere n» ler«an nl ny ’^cha da 1801 
*Anotler nseonjeetoua f ngO» — Ao a p /erta Rel — occ rs alo c or 
togetherwiti tl s spec es Rel m reg^r Is it os pnraa I c (//eif c ^ a 189' p 30'’) 
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Lophodermium nervisequmm (D C (US America) 1 Ins 
\er} common fungus attacks both old and joung silver firs 
The needles die after becoming brown, and remain for a long 



FlQ I’l — uui itn^n^uivn 
I p«eaiui(a (Silver Fir). 1 Cndcr 
«urfw« of needle with »pothoclx S 
lriv:r eurlace wtth rjenldit 



tiino Iniigmg on the Iwics The di^a.a'ie varies in its develop- 
iiunt on the laountains and lowland^, ncconiing to climatic 
coiuhlions. 

'1* Ilarti^ ArnnlAfi/m, 1S74 
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Til'' rnrc^'hum mterc^^IIalar, ind jrrxjti'-e» ih' 

on thf c»lL« of ib^ fir ^ a-! ibo-#^ of LjjI rnnnxr- 

fport'm on th<‘ “fnicc- TIi*^ mvcrlial Ijyphie j^n'-trat*^ into ih* 
cpfbrmal c^lh an 1 forrn a cu hirn hurt- th' ep I^nnu 

an'I n <• to num'^rou-» ®*Tai 2 li' con 'Iiophorf~ arith \crj 

«inal! o.al, unK-tllalar conilii. Th** aj<'h«'ta are d 

thf^ neMb-^ arc on the tree or aft^r th»v have fallen, 
they fonn ^huiin^' hlac) «tnp<=~ on ihr middle n^^rae of th*^ 
lower *nrface of tli*" n^ecllo (Ft/ 124) Tli'^’ thread ULe ej>ore= 
ha\c a rnucilajinou5 coat, and arc ejartilav-d from clul>-shap<=^l 
itn fFijt- IJG) Ibcnidia (‘p^noo^ronia) arc o^t^-n prodccefj 
lyfore ihr apothe^-ia a-i Ion? wa^r band* on thf^ middle n'^rve 
of th*' tifpcr eurfaoe of iho ne^lh fFicr 12j) 

Jj, junipenntun (Bntam and 1'^ Am'^nca) A 

common 'py-cu-^ on d'-ad needles of Tmij'^r eommvnx* al o on 
nef^lU*« on the Ijran^'li I liave, !iorc\cr, ne'er *<^n it in ®cch 
ina.«i d-- to lylK'c it to !y a dang»Toii« jnra.it^ 

li, gilwnm Ilo^trup* attarj. and hll» living nee^lles of the 
Attp’nan hhcl pne 

L. lanantun I)uh\ Tit* prcniln and apAhecia of tht- 
fungus arc common on dead n^^dl*^? of larch hut para itL*m ha. 
not Wn pro'c-fl 

L. abietis IJo«tr A found hr Botrap on needle- of 

«pnmf cau“mg vellow 'pots and then large black point® (FI,.' 

121, g; 


mSCOJI\CCTE.- 

Til' Di /•om)C»-ty» lia\e an a|y»tlKciura of 'arMii^ '1 ape, bat 
ilwiss morf 'aucrrlile than 'phencal The a'cocarp at fir*t 
a cIo<d ‘•iructnrf, opyn^ «oon#r or later and erpyr-ea the 
Imncniurn TIi'* apothecium is comi>er-«»d rf two dutinct ptortion-i 
of mjcdiurn Tli' e /ntial |«rt often called the hsTnennl 
hver, con-i«ts of hjf»hae which gise to the a-'ce The 
mnauiing jytrtion of the a'cocarp forms a supf»ort or envelope 
f >r the hpccniurn, jt con'i'ts of a p'cudojarenchsma and ina% 
1y difft retittiK-d into a ‘■uWiymtnial Ia\cr or livpothecium with 
il-s Inline inUr\\o\fn withthof of the hsmenium and a 
hural p>rtion or cxeijultiin u'eialU more or le s cup- liape 1 

*I m. rnp F » Ln Ivr Ih-3 
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The paraphjses are dG\elopcd from the in}celimn of the 
envelope and occup) the interior of the ascocarp, while the 
asci arise liter from the aseogenous h}phie and force their waj 
in The formation of asci and paraphjses may go on for a 
long time Penphyses are not produced 

The Discomjcetcs include five divisions, the Phncidiaccae, 
Stiduhae, Tiyblxdicac, Damatraccat, and Prrirrnc JIan} of 
the species included in these are parasitic on crjptogamic 
plants to form lichens, the mapritj are saprophytes and only 
a few isolated groups are true parasites on higher plants The 
latter belong to the Phactdiaccae, Dcrmaicaccac, and Pczizcae 


(I) PHACIDIACEAE 

The apothecia are black and thick-walled, at first embedded 
in their substratum, but later breaking through it The asco- 
genous layer is spread out on a delicate flat hypothecium 
The black apothecia of the species of Phacidxvm are frequent 
on leues and needles llchm dnides the group into two 
families the Euphacuhrae and the Pscvdophacuhcnc 

EUPHACIDIEAE 

The apoUiecia are embedded in the tissues of the host , the 
suiicrincumbent layers of the substratum forming oier them a 
blickish membranous plate, "hicli is ruptured into lobes and 
e\poscs the black apothecial disc 

Fhacidinm 

llio aiwtbecii arc fused with the superincumbent layers of 
the host-pUiit, ami the black co\er so formed is split into 
pcicril lobes Tlie chib«liapid asci contain eight colourless 
unicellular, o\oid or spmdie shaped sjxires The piraplnses 
arc filamentous The port of the nscus is coloured blue by 
loilme 

Phacidium repandum fr (Itniam) Occurs on Iniiig leases 
and stems of -l»jvrif/(T (xlonita, (tnitinn inollnjn and other 
llubiaccie. The pycmdial funii is prol»abl\ PhijUnchora 
Fr. 

g 
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Schizothynum 

The roundish or oblong apothecia dehisce by lobes The club 
slnped asci contain oblong hj aline tvid celled spores 

Sch ptarmicae Desm (Britain) Tins occuis as a parasite 
on luing green leaves and stems of AcluUca Ptaiinica The 
apothecia form little black points which on rupturing break 



up the epidermis into lobes The thick asci contain two to 
four large two celled spores Paraphyses are present A pycnidial 
form IS known as Tcpiotkyiixim •plarmicoc (Sacc) 

Rhytisma 

Tiie fungi of this genus iue in the tissues of liiing plants and 
form sclerotial cushions as isolated black spots In these places 
the pjcnidia are developed and are followed bj apothecia after 
the death of the leaves Tlie apothecia open bj a fissure and 
contain thread like paraphyses and club shaped asci i\ith eight 
needle shaped spores which are septate when mature 

Rhytisma acennum (Pers) (Bntam and US America) 
Towards the close of summer the largo black spots caused 
b) this fungus on leaaes of vanoua species of Acer (sjeamore 
and maple) arc b} no means uncommon Pycnidia {Melasmia 
aerrtnum Li\ ) containing little unicellular conidia are first 
produced under the cuticle while the epidermis and under 
l}mg cells become filled with mjceliiim till a black sclerotmm 
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IS completed In the following spring the sclerotnun-spots 
on the fallen le'wes Iiiao become thicker and Buperficnll^ 
wrinkled At this stage the apotliecia arc produced, and 
dehisce bj fine elongated Hasures , the} contain club shaped 
asci and thread-like paraph} ses with hooked ends The thread- 
like ascospores are ejaculated with considerable force and reach 



inaturit} in Ma} or June Acconling to Klehahn * the sjKires 
haae a mucilaginous membrane but this docs not throw much 
light on the problem of how the} roach the lea\os of trcts, 
wind, howtaer would mm to be the agent for distribution In 
ihro' weeks after infiction Icnes Miow aellow «pots, in eight 
weck'< the pjenuha appear 

‘Tmii txiii, isai t 321 
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The disease is best combated bj prompt remo\al of fallen 
leaves in autumn, where this rule is followed Jihytisma is seldom 
found (see p 71) 

Rhytisma punctatum (Pers) (Biitain and US America) 
llTiereas the spots of the lihytisma lust considered are large, 
those of this species seldom exceed a few millimetres Thej are 



black m colour, angular, and scattered o\er the whole leaf 
surface After the leaf has turned jellou, portions of it sur- 
rounding spots of this Bkytisma retain their green colour, so 
that we ha\c black spots on green islands m the jellow leaf 
The sclerotia dehisce b} \ahes The apothecia contain tliread- 
likc paraph} ses and asci The asci are club shaped and contain 
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eight needle shaped unicellulnr spores, p}cnidia (spermogonn) 
with little unicelluhr conidia are also formed 

The fungus attacks lca\es of sjcaniore (Acer Pi,citdoplatanns), 
the black spots making their appearance in September The 
apothecia ripen on the ground during the following summer' 



F n ISO — n* ot I itm 

ihovrtflg Ui« upi’*^ eplderrala nj|t >i>l 
Ijy 1 Myt /ma nmnniini ■■ Rhy tun 
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Rh salicinum I’crs (Itntam aud I America) Thickened 
black wrinkled sjwts opj>eir frequently on Ining kaaes of \anous 
species of willow f*7 SiiIij- Cijura S citifrca etc. al«o on some 
alpino willows S nttnilatn Tlie'e contain apothecia of thi‘ 
funuu'* which reach their full nntunta during the second 
summer 

• /)y«ro»nyrt>/»*ii rhytiimio {ft At ulL I Uck iimiUr to tl o*« of PSyfi^mc 

ap]i«ar on tho l«a^FS of f^cainnrr Tl« llacL cruiU ar« b^rv onl^ (oUratimlai 
an i pnclo«c a tniMHwmit tj*«ue frnm silicl larpe »l lencal »]«orfi are l>roilu«d. 
T1 c* *\«tetnatic {nw tinii if tl i« foi gua i« nnkpoxo 
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Eh. symmetricuin J. (//A. nvU-Tnnnlf i* a 

form fjcctimn'^ on Fahr pi>rpfirffr and r^<f-ntlv a.® a 

di'tin'-t Tld* on*^ of th<- for cnhi'.ation, 

Tiiay ofif-Q Wj vdlli it* o'jverf-^i vrith i>h4fh 

and th<^ rnay sprc-vl o;cr tre<^ in a ntir=^?y. 

Tii*^' apo:h»-<ii arr* found on tfi*^ ^Id'* r “crface of thf- leaf, 
on Mark, «hinin 2 , and much vrrinUM In addition, 

hkack ajjTjthrrial cu*hioni arr de*»eIo|yvi on thr und^r surfar^ 
of th^ Jraf, whirh i? not thr ca.«r with any oth^r of 

///y'i4TV7. Acconim" to Srhrortfr, the ^pore* rifjrn in autcnin 
on ‘till luint; lea^ie* 

(T},iA tL\v }j^ »TTi''.nyt3'>fn wjth ^r>u^r'i'^ Dnr. tt Jfrnt. on 

Fn/ir in AI-'^riA.) 

A whi''*. cttv‘^ Iittt*- tiii'-Sc rn S^Tlt C'jf/ffi Lx* Tji^^a 

Rh. *adrea:ei« P'^f* ^/nim *n #f Ardrr/ jy/xfcJt'?. (Entam 
and U>. Ara*-rt'a). 

Rh. Fn»-»- 'n lear#-« t* Knytnttx ux^n’rx. (BnUin) 

Rh. jsageelsa Rrl ta on J>ti>r<u lUxuL 

Rh crteae Tr. on K*--a.x *,i Vrtim d>'AJ-n. (Bntain ard ITJ* Anrnea^ 

Rh. bJtfirta* IJ C oa P'/ii /'mxutx nrxf^intrx iti Pfan-Tr, Ort^nlard, at 1 
Atn^nra. 


PSEUDOPHACIDIEAE. 

T}if apotlirru are at fir^t emly^Me*! in their sul/*tratum, 
undfr th*- «af*rrinrufnbent layer* of the ho«t-ti®*ue, and form 
hll*t* rwl patrhf« ; on ru|iture, thi^ co%fr forrita a rim round 
the apothrcial ca«hion; the excipula of thr apothecia thrca-rhea 
an» memhranou*, t'enerally Mark, and tlrhL=ce hy lobea or 
f’^urc-? on tljr aj»rt. 


Cryptomyces. 

Tlir afjothr<,U Lreak out from the aulr-tratum a.*; Mack cruets 
Tlir- a“ci contain ci^dit o\al, unicellular, colourless SfyDre? Tlie 
jnraph}«es ar« thrrad-Iike and «eptalc 

Cryptomyces maximus Fncs* (IJniain and UnitM .States) 
Till* ftin:,'Tis livc-s p-ara^itic on twigs of xarious s|)ecie‘' of srillow, 

*J •‘/or Krnntn •» <I Kon»l«:fc<iHi," Vnix'jx\nm'$ Jahrf/H^h, 1*93 

Fi'rn r i-'Kl-nrn, 1*01 

IV.'h ■pjBtar to 1.^ I I^nlical «ilk PA am/^a^annt \\ ^Ir {Fli>r Cryj-t It 41CV 
*ToLur», '•tjr't. /itnj'/rum C^rj'fjloyia, IM 
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espemll} Salix tncana but also on S 2^^(r2mrca When the 
bhck apothecnl cushions break out through the bark, the tuigs 
of the host plant ate frcquentlj sUll green and leaf clad 

The apothecia originate m the loner bark and so loosen 
the epidermal la} ers as to cause the appearance of } ellow spots 
Black centres appear in the spots due to the formation of a 



bhck njxitbecnl coacr undcrn<*ath the ejideruu'?. On rupture 
of tbc epulcnm«s black apothecnl cushions emergt. and coaer 
large areas of the liMii^ twigs Ihiii causes the apothecia 
to UxToine gelitmous, and to swell con'iiderath , on dnmg 
tin. c««hions roll up and fill off leaain.; scars m tlie bark 
(lllT' 1 *2 •!) 



jL^jinrfTEs 


5<« 

A. I'-n-'itc lie'll «'^tion tbrr”'>h & ru-hvii exhiht-. z th 

con t of i p »-"f’op^r>=-r'-Ljne4 of hyalin^ 
fun^nl ♦r-IL* whi b eiery tt -zf cf and cac-^ 

d'-nch ff th* raribCKt, alovc thi* c»-'r‘^' ;» lo'-^r brer wn'h 
rri-inv air-'X-nry^ an 1 over thi» tli'=- larer from whi'-h th* 'i-‘'i 
and nn.*- 

Ti ^ z-c-i cm^am » _lit oval oni'vllel r vri‘b dc 'in''t 

c^H nc'Ir-n AVh^a a «^tjon i fLirnl m vra'#^r, a verv 
enrl^rt ewf-Ilin ' tal.'^ 22 1 tl -* a-^i ehnzz’-f- to twnc** 

th^^ir orunal I lizre n^t ot~ rved epailatK-n of 

ef'-Tf^ bet mpurp- »-f tliP a~«-i rrmr m watpr j r^pinitioji' 
rind c! < arp «#'C frFv=- rn lar/ ncri'Vr' Th^ «p "OS 

jro?t>Ir ^prmina'e and inf^^t yoon. «boo th«> r-ycplicm 

hil-^rnatir^' tb^re. 

Th^ pC-ct.* fT thi'i fan^« aff d'iath ff dL^a-'M tvnc ff 
vnllo'w aljore th^ «j<ot vcliprt a ^ffroc.^non* cc bion i- 
fi" no pd 

T7iJ.« spp-CT*"* M at o Sf' d to fre»}arnt C m> % m Ampnea. 
Ciyptomycw pt€ndu ^Pebpnt) o^r on frfad. ot 1 
ff/jyth u/, but wtiPthpf a para, tte or no*^ i» a« ret nnjnv€3*’iga^p<J 
Tlip as«n *npn afe^r thp fronds lave jn. M tlirfa.^h tbp wintp*’ 
To tbi^ Wra. tip coaidul form /iiyfun jf/rifw Rabb- 

CUthm 

Tfp aijfhtpn at Fr-* epbcncnl li<=ro»Ef oblotj'^ and treat, 
tbrori.h the «tipf rincamljpnt laver^ tv a loL^d fi are- The 
fip'*hprx:il dt-f i-’ fbloD., an I flat TTip clab-obaf/^d a./n contain 
Pi-ht hvalinp •ipnllf “b-ip^l or thread bbe «pore«, vnih on^ or 
rno*^f cp1I« T?ip jarajby po arc thread Iihe The majontr of 
tht^ inriipr ire <afrrphytP« 

Clitbns (Colpoma) quercica (Per*) fPntam) Aecordin/ to 
Vhrop’ff,* thw can ea diH-a-t and dea’h of bnnu fracfh»-« of 
oaL Tb*’ oTIon^' ap-'h^pial (Ires art "revr h white, and covered 
at fr* by a 1 ro vtji 1 -jircv wall which h^er, W-om^^ rnp'ored 
TTi' a co-pfrea are ® infle Cylindncal p> cni Iia with "ornfwha* 
lent crn Jia trr abo frMncefL 

Cl j3=»pm (Ivar*!.} </-cnn m Imt"* twi^ •( jinp*-r SrtLiB" « 

kt srn < f iH jrtrx. i.rt. 

*'N'frrp^*r PS~^ *n* l^Tl. 
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Dothiora 

The sphenc'il 'ipotlicm are embedded in the subotntnm iihich 
the) rupture into lobes while the) themsches dehisce b) 
irregular fissures The club shaped asci contain eight colourless 
or )ellow, club shaped or spindle shaped multicellular spores 
ranph)ses aie ne\er present 

Dothiora sphaeroides (Pets ) is regarded b) Postrup as the 
cause of a disease of the Lombardr poplar {Populvs pyTanudahs) 
in which the branches particular!) tho^e of the upper part 
of the tree die one after another till all are gone The spores 
are club shaped and constricted at the middle , each half is 
duided b) four or fi\e cross septa and each cell so formed 
IS again aubdi\ided b) a longitudinal septum 

Vuillemin ascribes the same disease to Didymo’phaena 
popidim Vuill (see p 218) 

Accorthng to Rehm Do sjhaaoidcs also occurs on Popihs 
trcmula and is distinguishable from Do vxntxla (Fr) on both 
Popuhts xtohca and P txemxla 


Heterosphaena 

The spherical apothccia are at first embedded but later emerge 
through the cosenng h)ers and dehi'ce their apices breaking 
up into teeth like lobes the) arc dark brown or black m colour 
The asci are club «hapod and contain eight spoies which are 
colourless oblong or club shaped and coiisi'^t of one two or 
four colls Iodine colouis the jKires of the asci blue The 
paraph) scs are colourless and threadlike 

Heterosphaena Patella (Toile) (Imtam and L S America > 
The asci contain eight bicellular spores The paraph) «cs are 
thread like and sepiatt «oine being forked or branched the\ 
bear scalpel sliajx?d coiiidia 

Tlie mature apothecia are found chiefli on the stems of 
^nrlous Uxnlrlh/iraf ey Ditci^ Cxtofo AnrtJ xtm graidltJ % 
Pitn'J'hnxm sir/aMi Pa^tinnm etc A \aniti alj-fstm occurs 
amongst the mountains on ITfrachim S^hondylmn also on 
(ifiifuTim l\ tea Vcnifiixn rin fr etc 1 ehm and others l>elie\e 
that the fungus attacks Ininggrctii parts of plants and readies 
matunia m the f llowiug \e»r on the kille^l organs 
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Sclerodems 

A black stroma is foimed in the bar) of twigs attacked 
this fungus and thence tlie apothecn break out m great 
numbers at first as closed spheres later as stalked open 
cups \Mth finely lobed runs The asci are c}hndrical or club 



shaped and contain ei^ht colourless spores which art club 
shaped needle shaped or thread like and divided bj septa into 
four to eipht cells The pores of the asci are coloured blue 
bj iodine The paraph) ses ore thread lil e 
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Sclerodems fuliginosa (Fnes) (llnt'xm and U b America ) 
This was considered to be a saprophjte till mj attention nns 
directed to its injurious nature It occurs on luing branches 
of Saltx Capren S trxandra S alba etc and brings about 
their deith The black crusts on which the apothecia develop 
appear both on v-eaklj twigs and strong branches The mj 
celmm makes its waj throUoi* tissues to the Cambium which 
it kills causing this and neighbouring parts to become brown 
Adjacent parts as jet uiiattacked continue at first to grow in 
thickness but thej too are graduallj killed As a result the 
twigs attacked grow irregularlj according to the extent and 
number of diseased places (Fig 134), and when all or most 
of the lower tissues of a twig are killed the higher parts 
die off with their leaves Wherever the fungus appears manj 
trees arc generally attacked 

Sc aegregata. (Lascli) (I«\elopa ou tli« iiMiig of Kliiiiaiitl aceae 

and matures ou tl o dead 

Sc nbesta (Pers ) h a common specie^ on tw igs of red and 1 lack currant 
but v>lietber parautic or not la imknonii 


U) DFRilATI-ACEAE 

The apothecia are developed at first either unler the sub 
stratum or altogetlier suporficiallj The ascogenous lav or 
extends over a thick hjpothecium 

The Dermateaceae contain the Caiangnae D rmatrac I itd 
larxaccac and 1 nlqanaceat 

CENANGIEAE 

Apothecia at first cinbeddtd then exposed Thej are stasile 
cl IV ate or cone shaped and broaden out to di^cs on opening 

Ceuangium 

\j>oihccia glol (0 ui dchiaccnce at tir«l cup «lnped but 
afterwards Hatter and mon- ‘sauctr shaped with entire margins 
tbev mav occur ‘'lUj.lj or ma‘»«c«l togetlier Tlie club «!!ni>e<l 
a Cl contain eight colourless oblong umcelliiHr sj>ore« and 
lilamcntous paraplivso with thickenevl nj ice« 

Cenangium abietis (I’erN) (IJntain and I America.) Tins 
fungus IS u«iiallv a saprojhxte but Thumen u ns an 
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occasional pansitc “^clnvar/* Ims rccentl} dcsciibcd it ns 
nttncking jiincs aNcakcned an impoaenshed water siipj)!} to 
tlio twigs nnd b) otlier unfn\oiiinblc conditions It npiitaicil 
for ti tune ns an epidemic in the pmc forests of Gtriinn}, but 
air} soon disajipearcd agmn 

ihe symptoms of disease were, withering of twigs in spring 
from tlie npc\ downwards into the region stseml jeus old 
'Jho epidemic hid been pre\ioiisl) noticed in the spring of 
1802, nnd wns described h\ Hnrtig who, nlong with Kiemtr 
regarded it ns n result of the long dr\ preceding winter Tlie 
disease lias never been obsened on pines under five jears old, 
nnd soiious injui} onl} results when the fungus is nceoinp.imcd 
b} dnmngc done b} insects Ibc apotbocn contnmiiig tlie nsci 
nrc gcnernll} pnKluccd onl} on <Ica<l twigs and needles 

^cbwnr? icgnids ns n coiiidial foim of tins sptcics Jlitni- 
chor^tia ffHriicus J^riKss , which will bt dcscrilicd in greater 
(Utnil amongst the I nngt iiiijicrfccti In addition to I/ri'n 
chnr'.tut other j)}cnidtn with unicellular conidia occur 

DERMATEAE 

llu apotliocm at (irst npliencal and emboddod in their host, 
bitak out in clumps, the\ nrc genti ill} short nnd tbick-stalkcd, 
and open to form n louudish sauci r slinjiod disc with nn un* 
biokcn run I be li} jiotbtciuiii is tliick and often colouicd 

Dermatclla 

A stroma is <Ieacloi>cd under the bark of the nttacked pirls 
of the host, nnd in it origmntc dark brown iipotbccm with 
short thick stalks 'Ihc Inrk is juptureil nnd the npotliccin 
tincrgo ns flat, e>jpanded saucer sliapcd discs with a complete 
run The asci nrc cIuIj slmpecl niul tluck wnlled The sjtores, 
at first unicellular Inter mnUicclIuInt, nro Inrgc nnd colourless 
or brownish The i)amph}sts arc septate and gtncralh forked, 
the} often form a coloured cpithecium 

Dermatclla prunastn (I’tra) (iintnm ami US America) 
According to ludwig this lives ns a pirnsito on the living 
bark of jiluins apricot, slot, niul otlar species of rnnius 
•Stlmnrr I)i' I rlrtiult t j tl ktr/tru d rth CtnniQUix 


Jonn ISO’ 
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Apotliecn and pjcnidm {Sphaerone7na spHrium Fr) are botli 
de\ eloped The ascospores are one celled and hjahne 

[^\agne^* adds the following species found b} limi m Sixonj as more 
or less marked pansites (Fdit.) 

Dermatea (Pezicula) cinnamomea (Pets) on fj terens It attacks tie 
nnd in places injured b\ deer and ctuses injury to the trees 

D (Pez) carpinea (Pers.) kills manj >oung liombeanis it probably 
obtains entrai ce through wo inds 

D (Pez ) acerma laarst is a doubtful parasite on leer Pse tdoplalanut] 

BULGARIACEAE 

Bulgaria polymorpha A\ ett (B tnqm ans Fr) (Britain and US 
America) A dangerous enemy of the oak* causing deatl Researches 
into its parasitism are still wanting The sjiorocarps deaelop on dead 
liark eapecialb of beech 


(3) PEZIZFAE 

The apotliecn are uc\ei embedded but appear as saucer or 
cup like structures on the substratum thej are ilesbj or waxj 
and often of bright colour Ihe hjpothecium is serj stronglj 
dt.\ doped 

The families included m tins group are VoUisicac Ileloiicae 
Fupc.i eae and Ascohokae Of these all except the last con 
tain parasitic forms The Mollmcnt, nnd Kcloticac contain also 
a number of lichen fungi not consulcrctl of sulficient practical 
aalue to be included here The ylscofto/coc Ine ns saprophytes on 
animal droppings 

MOLLISIEAE 

The apotliecn generally sit free throughout their uliolc 
existence on a close firm substratum of Inphal tissue or lhe\ 
may be sunk in the host and break out Inter llicy are nt 
first closed and spherical (rarely tapenn^, downwanls) but after 
a\ mis opiii and ex^wse a cup like «»aucer 'shajicd or fiat dne of 
n«ci llic disc 13 >\a\y nnd soft «\ternall\ it is brownish 
and gciicrilU smooth exccptionalla it maa l>e downy or lte«et 
with short hairs or 1 n«tles The sjK)roc.iri>s are brown and etm 

'*7 isug p. “6 

*li lins (,<n!rru}ialt / I n'lerKiloytt u. i amnlfnl-ymlt kIm S tl, 

n f rrr Kryj'-to-jarn n. 
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posed of pseudopnreiich) im, which, towards the nurgins, becomes 
more elongated and piosench}matous H^pothecmm genemll) 
poorl} de^ eloped 


Mollisia 

The sessile brownish apothecia on opening general!} eahibit a 
flat, saucer-shaped tiansparcnt stratum of nsci Tlie spores are 
unicellular, h}alme, and spindle shaped or club like The 
parapli}ses are h} aline or coloured, ‘'ometinies forked 

Mollisia Morthieri (Sacc.) Ihe apothecn are developed on 
}elIow spots of the lower epidermis of living leaves of Jittbiis 
ScMcichcri and Ji The vouiig apothecia aie reddish- 

brown and spherical, when open the} form }enowish-brown 
discs with aer} delicate margins Tlie asci contain eight 
spores, arranged in two lows The spores are unicellular, club- 
shaped, and colourless The paraphyses are colourless or 
biowiush with slightl} bent points 

Niptera 

Apothecia as in ^^olhslo Ihe spoics however, on com- 
pleting then development arc two-cellcd 

Niptera hypogaea (Bies)^ Found b} lli'esadola m Southern 
T}rol, underground on the roots of Adcno4ylc!> alhxfiom Tlie 
apothecia are massed together on brown h}pliae in blackened 
parts of the host-roots The ascogenous disc is gre} ish-brown 
or whitish, with fine fibrous margins The a-sci are spindle- 
shaped, and contain eight spmdlc shaped colourless spores, 
which aie at hrst one celled, liter two celled The septate 
colourle&s paraph} ses are forked 

Fseudopeziza. 

The members of tins genus Jue as pai-asites m the leif- 
tissue of higher plants and produce dead brown spots, in whicli 
the ascoevrps are afterwards developed Tlie apothecia liave 
delicate walls, and, after rupturing the epidermis, emeige 
ns dchcatcl} -coloured saucer-like h} menial di<5c« The club- 
chapod a^ici contain eight spores arranged in two i-ows The 

*1 rewdola Fhhj% In hit A iAX\ , Fij, 1 
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spores -rre o\oid or elliptical colourless and unicollul'ir The 
colourle-'S piriph\ses ha\e thickened apices rarelj forked 
Pseudopeziza (Phacidmm) tnfolu (Bernh ) Leaf spot 
disease ot the clo\er This disease appears on the leaaes of 
\arious species of clo\er m Fuiope and America its attacks 
inaj attain considerable se\ent} and inflict great injurj to 
crops The lea\es become spotted and finally die off The 
ipothecia occup} bro^^ nish } ellow discs on the surf ice of the 
leaf and hence are not unlike pustules of a The a<ici 

arc club shaped and contain eight o\oicl unicellular colourless 
spores The piraplijaes ha\e broadened apices rarel} forked 
A conidial form (S/tl naoncma phaeidioides Desni ) is generall} 
allocated to this species 

Ps trifolu {lar med (Lib) is found on s] ecies of Vedica^o 

(Britain and U S Amenta) 

Ps bistortae (Lib ) Tl is occurs on the lower epi ierrois of liring lenea 
of /’o/yyo iiui llwloria ant /’ tiiipa urn canning daiklrown swollen 
spots wl ere the njwthecia are deielope 1 Juel* ha? traii«ferreil this a; ecie? 
to the /’/aac/iotcrne and name 1 it P*c tdor! jU$ n httortne (DC) 

Ps alismatis (riull et Trail) causes spot? oii leaves of \h»ma llantngo 
(Britain). 

Fabraea 

This genus is cbstinguislied from Pbfuihpc.i a b} the spores 
Minch though at first unicellular become two or four celled 
The species are parasitic in the leaf tissue of hig,her plants 
Fabraea astrantiae (Ces) The imceliuin hies in the leaf 
pironchjma of Adinntw mojvi and A curnwh a ciusing dead 
spots A form occurs on Sjmctla ciityam 

F rammeuh (tne?) (Britain) The apothecia of tins are 
\ir) coimnon on liown spots on the leave? of \anouv spccus 
of / « 

F ccrastionim {W »l!r ) freqiiei ts of r*T i»f« li(Bnliiii) 

F Rousseauana {'*av et Ihiiini iccirs on lean* f Cttlfn j’lhitrt 
(A Brili«h lijKii ■< if MI oj \mo IS witl u ruW Ma 

Beloniella. 

Ihc greganou ajvothceia are ui fir^t einl*ctldt.il but Inik 
out liti.r 1 s.tituaU\ ilu apntlu-cial discs arc rou^h dark Irowii 
‘ l/vrl J I r 


If t tin I ls>t 
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'\nd stuped the maigm being fibrous The nsci contain four 
to eight spores The spores are generill} o\oid or spindle 
shaped, at first unicellular, but duidcd later into two to four 
cells b) means of cross walls The colourless paraplnscs 
ha\e thickened club like apices 

Bebonella Dehnii (Rabli)* This parasite co\ers stems 
and leaaes of PotcniiUa nnriegica, and is distinguished bj its 
sharp spindle shaped bicellular spoies 

HELOTIEAE 

The apothecia are generally quite supeificial, lea® coinmonlj 
the) are at first embedded and emerge later , or thej maj 
de\elop from a sclerotium In form the\ are spherical cup 
shaped or top shaped and a stalk of ‘iome kind is generally 
pie«ent On opening thej form a cup or Iht plate, on which 
the hjnienium lies e\i>oscd the cup is «oft or wa\j, and 
enclosed m a delicate wall which is etternallj either smooth 
or hairj The sporocarp» consist of a pacudopro'ienchyma 
(after lichm) 

Sclerotinia 

The sclerotia- gi\c rise to smooth stalked a^cocarps with the 
form of beakers funnels or saucers Tlie stalks often produce 
rhizoids The asci contain eight unicellular hralme spores, 
elliptical or spindle slnjicd and of equal or unequal «!izes 
The paraphyses are thread hie In se\cnl families conidia are 
formed before the sclerotio. Some forms are heteroecious Most 
of the species are parasitic on plants 

The Sclerotium diseases of the Vaccinieae * 

These aie a well known group of sclerotium diseases and 
amongst them the following ha\e been named as species 
Sclerotinia vacemn Wor (Set Vrnula 'Wemm) The 
sclerotium di®ea®c of the cowberrj The joimg shoots and 

‘Fiffurcs m lit I nj n IS'Si, 

* literature l)e Ixir) Uetwrcinige a lerolien u Sclerotienkrankheiten 
Bofat Z< l iny 1‘>''G &\ao Morj holoyy an i P olojv of the Fin gi h nghsh edition 
llrefell Sc} Heft 1% u ^ anl Botan Zalii g lt»76 

Sicear lo jUogt \ ol \ Itl 

*Wironin \I^ n dtlacalcm \mp/r d k* d St PtUr^hui^ mi Ser , t 3f 1^S3 
{with ten plates) also Dfnel It d dtut*eh bota u Ot» , ISai 
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leaves of Vaccimiim Vttis Idata exhibit in spiing a mould 
like coating, consisting of chains of lemon shaped conidia 

Woronin thus describes it ‘ In the outer laj ers of the cortex 
amongst the djing elements, a pseudoparenchj nntous cushion is 
formed, from which simple or dichotomousl} branched hjphae 
grow out through the overljing cuticle The individual members 
of the chains of conidia are separated from one another b) a 
spindle shaped piece of cellulose — the disjunctor 

The disjunctor spoken of here is a spindle shaped cellulose 
body found between the single conidia, it easilj breaks across 
and so facilitates the breaking up of the chains of conidia 



(tig IJo) It Ins its origin is follnus The conulu at first lie 
clo«olj end to end enclosed in a dihcite primary mtmbnne 
llie partition membranes split into tvvo limellae each of which 
takes prt in the formation of a ctllulo'e bodv winch gndinllj 
become* <*j indie slnjicd In the cuur*t of its growth thi'< ctllulo«e 
bol} — the di-sjuiKtor — ruptuns tht pritnar) Liiclo'iiig raenibnnt 
ami hcnig releisid Ik comes inon. elongited 'o tint tlie ci mdia 
ari {U'^hed awav from tach otlur and fill ajart 

The com ha have a strong cliaracttri«lii o lour of alnioiiil« 
attriiliM to iii'ects which cam ofif the ti niiha and du t them on 
till 'tigiinti of tlhir m flower* iiul is nlo in all 

pn>balihtv an a^tiil m tlu di«tnlution of the conidia. The 
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tonulm ^ormnmtc niul guc cfl lonj; »>ept(\tc lijphnc ^^hlch, follow- 
in}; llu couiM of tlie ])olhn-tul>c, reach tin o\nr), and soon 
fill all foul loculi with n white iii}cclinm The growth of tins 
nncehum i)i<)ttc(ls from the cciitinl hms towards the walls, ninl 
forms II hollow sphcic open iiboNc and below Iho disoascil 
btirns cannot be distmgwished till iipc, then, whereas the 
noiinal art nd, Ibi diseased arc jcllowish brown to cbestnut- 
(olonicd, and ‘‘Oon shiinb up leuing onl) the ontlim of the 
scU rotuuu 

'Ibo dead oi innmmihtd bcuiis fill preniaturLlj , and he oicr 
winlci cm the c irth In April or Jlnj, tlie sclcrotia gue rise 



Vl l' V— V? til « n ortrtWf on I r » i OrjnwfH* lf> I [T oot OT Iran 
Urrj \ Itl lit rv coi t n»l f ‘H n u I illncioM | Ic-vtc*. C r< "^*1 
1o«fl jinlfn 1 n n’lcmliilfn It I I >« rl 1»nl lij n>m 1 from It o l«*oof tht 
■lilV }i t"Oi»i«rr«l l> »tl I C( Jlllili pen I tlo win 


to «oM.ril piiinnnha or horn-hke slilks on tin e\trcnnt} of 
winch an apothccium is aftcrwnnls forinod IMnzoids art, pro- 
duct d at the hast of the stdk nwd aUachmg llu.insd\c9 to the 
gnmnd net ns supports and organs of mitrition llie npothccia 
contain both nsci nml ]nripl»}ses , tlie latter are septate dicboto 
innnsU brinclml filimcnts wiih club sfiipcd inds, and coatid 
with a brown ksuious substamt IIil asci hue a canal at 
om I nd tbroudi wbicli arc oiaculitcd eight spores of almost 
ttpial sire Those jirtMlnce sporulia in water, in nnlnii'e 
sdbuions bowi\er tlu) forma septate mjceluim with conidn 
The ascospons bring nlKUit inftction b^ means of one or two 
girm tubes winch pciutralt. tlie outir mcmbraius of jonng 
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cowberrj shoots the stomata being ahsa}s n^Oldocl In less 
than three weeks comdn are produced 

The mode in which the germ-tubes nttack the host plant is 
aerj remarkable Woronm sajs “The germ-tubes developed 
from the nscospores grow inwards towards the vascular bundles 
of the host-plant and entei them , then thej continue to 
develop, but now in the opposite direction from the interior of 
the plant towards the peripherj Here a peculiar phenomenon is 
exhibited, the fungus exerts its ininnous effects on the surrounding 
tissues of the host-plant, then having killed these, it utilizes 



them as food material ' Iinallv the germ tubes penetrate 
lAjtumi the chiuciils of the outer rmd already kiUed c/tere 
develop to a stroma like eushioii of large celled p«eudo 
ivirtiiclivina from which the cliuiis of conidia emerge through 
the rupturcil cuticle 

(Svccanlo nNi nuiUi orfjpfilt <n le^^es of 

^,t,tIhra) 

Sclerotima oxycocci or Tht ►clerotium di«ca«e nf the 
true criul>orrv (I’urrniufm On/ccern\) The spoixs of this species 
are «mdkr tliui tho-e of tlic pntedmg eich a«ciis contains four 
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hrger and four smaller spores, the latter appearing to be rudi- 
luentarj* and incapable of germination 

ScL baccarum Schroet^ (Bntain)" The sclerotium disease of 
the bilberry (Vacc Mi/rtiUiis) This aanes from the other species 
in liaMng round conidia incapable of germinating in ivater, in 
ha^^ng more robust apothecial beakers, and in lacking rhizoids 
The spores are similar m number and arrangement to the 
preceding species 

Scl megalospora “Wor The sclerotium di^ea'se of the crow- 
berr} {Em2yd) nm ntgi \nn) This species is distinguished b} the 


D 



Pie IS' ma <-D r ■«■ <« vf 9 km i>a rirtiiUrwUhereil 


fonn of It'S conulia, and the manner of their germination , m the 
form of the ‘sclerotium, and the ab'-ence of pnmordia , in the 
ab'^eiice of rliizoids, and, particular!}., in haMng laige a^cospores 
ahiiO't similar to each other 

The 'M\hite berries” of the Vacciniaceae are distinct from the 
nnimraifieil bemes caused b> Schrolmia ’ 

ScL aucnpanae Ludw The mummified fruits of Fi/nis- 
Aticii2xiriij, resulting from this fungu's, ^^e^e fir«t obsened b> 

* hroetcr, IIol n im, 1S79 , oronin (/oc ett ) 

* Sricrotn of this gpocies haic Iwa foant in Scotland Ij Professor Tr*ilL 
’Mapins ftnl AschervJn, D'rttlU d d<nt*'k l^tan G(g , lS^a, Zool 

l-otan Of , 1 l‘:9l 
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Woroniii^ in Finland, and later bj Ludwig in the Erz mountains 
The nscocarp developed from the sclerotn has no rhizoids The 
ascospores infect leaves, and there the conidia are produced 

Scl padi Wor Causes mummification of the fruits of 
Pmnm Padm Woronin regards Momlia Linhartiana Sacc as 
belonging to this Sclerotima 

Woronm also considers the conidial form Afomlta cincrca 
as related to the inuramihed fniits of cherrj 

Oiularta nelana on Mesptlas i3 proliibl} »!so a fonn of some Sclerotznia 

A SderoUma occurring on Cotonea^Ur ntgra proiliicea mummification of 
the fruit, ami forms conidia on the surface 

Jfonilia fruetigena of the apple, |>enr, quince, plum, peach, etc., is m 
all lihelihood a form of some Sclerotima, altliough the ascus form is still 
uiiknotsn (see also “Fungi imperfecti’) 

Scl betulae Wor (U S Aiuenca) This sclerotiuni of the 
birch*fruit was discovered bj and bnefij described bj Woronin 
in 1888 Navvaschin- has rccentl) reinvestigated it, and 
named it the “ birch*catkin disease ” It is found on tlie green 
catkins in June The fruits containing sclerotia are obcordate 
in shape, instead of the normal elliptical form with both ends 
acute, the wings arc similar to those of hcaltli) seeds The 
Bclerotium is composed of a ver} hard white pseudoparcnchj ina, 
which passes in the form of a horse*slioc round one side of the 
apex of the fruit (Fig 139) The outer lajtr is black and ver} 
firm Sclerotia placed on moist sand produced ascocarps at the 
beginning of Maj Development in the open also takes place 
about this time. In the birch forests near St Petersburg this 
disease is common, and birch-catkins containing sclerotia maj 
be found abundantly amongst fallen leaves about the month of 
JIaj From each sclerotmm there arc produced one or two 
ascocarps with rhiroids and stalks of a length varying with 
the dipth of dead leaves on the ground The a^tothecia 
arc at first funnel slnpeil, but later became saucer «liaped 
and l-4mm broad, witli a golden or lltshy colour The asci 
contain ught «]>orcs vs Inch ore forcibly ejaculated and if a 
handful of damp birch h if iiioiild thrown up into tlie air 

'VVon>iiin, llertfhte it itinfucl t^otan <•<«. ISU , iil»<i Mem d' Cairtl tnj 
d »ri itf \t Miy Witli fi\e jlalt**. 

''rlero/iuifi t-ilutar, Wor Pui-ua inicliurr sriih four colourfl 
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a cloud of spores so ejected maj tisilj be seen Infection 
tikes plice on the birch flowers It is possible to promote 
germimtion in witer ind ou moistened lei\es but the germ 
tubes soon die 

Tins diseise on iccount of the small size of the birch fruit 
ind the tinj scleroti i remiined for i long time quite un 
ob':en ed \ et it seems to be common e\ er> w here in Eussia it 
Ins been found frequentlj "xho in Germauj >.orth America 
‘ind Japan It po'^ses'^es considerable economic importance 
since diseased seeds are no longer capable of germination 



Hoimonyxa bctulac U tz often occurs alon^ with the aboie 
It causes the production of thick spherical fruits with little oi 
no iMiig ScUrotinin nlit^fa Karst has also been found on 
birch lea\es m Finland 

r Scl aim "Naw Moromn found this first on catkms of 
U/iis Dicatn "Nauaschm has more recentlj investigated d * 
ScL rhododendn Fi'scher" This was first discovered bj 
Iiscbcr in 1891 in fruits of the Alpine rose {Jlhodolcn<^rox 
firrtiyincinn and H Jixr^.nhm) m Switzerland It lias since 
been ol 'len cd m v arious parts of Switzerland and the Tj rol 

•Nawasch n Btn hit I Uth Jujtan Gt* 18^4 VlanI lledaga tSai 
j ”ia Will two phtes 

!• »el er Sat rfor> h Ct* film IS<H nUo I tcfi ce „ Iota Gf* 

1^94 \\ ith hgure« 
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Fischer succeeded m obtaining stall cd ascocarps from sclerotn 
ot one and two }ears old The} resembled most clostl} those 
of Scl tacanti their stalk being proiidcd with numerous rhiz 
Olds The asci contain tioht similar spores which germinate 
directlj on ejaculation The} develop a in}celium and later 
chains of chlamjdospores which ^separate b} means of disjunctors 
The little comdn found b} Woronm on Vaccintiim are neier 
produced The paraph} ses are generall} iinbranched and corre 
spoiid in length to the asci 

The mumniified fruits are easiest found after the health} 
capsules have dehisce 1 then the diseased ones remain closed 
In winter the health} capsules remain attached to the plant 
the diseased tail off Seeds of diseased capsules are completel} 
overgrown b} h}phae 

'\\ahrlich^ found sclcrotia in capsules of Hhod dahuricum 
from Siberia The} gave off a sclerotial ascocarp with a stalk 
devoid of rliizoids The muranufied fruits resemble closel} those 
of Scl rhododendri 

Scl heteroica Wor et >.aw =Scl ledi Now ® occurs on 
7r(lum pnh'6t)C in llussia and Tinland It is verj similar to 
Scl ihododcTulri but is distinguished b} the paraph} scs being 
swollen and frequentl} forked at the end In nutritive gelatine 
a copious m}celium is developed and produces chains of ripe 
conidia with tin} (lis)unclors ^\o^onm found that these comdia 
arc produced onl} on Vaccinivm thginowm never on ledum 
but the conidia so fonutd can succcssfull} infect tht ovar} of 
ledum e have here the first known case of heteroecism 
outside the Urednieae 

ScL sclerotiorum Lib’ (Bntain and I b America) Thi 
■sekrotn of tins fungus are found in mni} various phnt‘< 
The} fill to the ground with the dead plints hibernate under 
•inovv and on tlie arrival of wanner weather in spring give 
nso losevcTa\ stalked apOlhecio. T\ie ascospores are cjaculilcd 
from the asci germinate and ptwluce a parasitic invctlium 
•lc>-cnbed thus Iv l)c Iht} The npc sjxirc-} of It i n 
^rhrotHrim pnxlucc gtnn tubes on anv iiioi<l Mib-'lnlum 

’/ nthtf f / uftTh l-otn 1 ISOi 

1 / n A f f t * l'>a4 I 11“ 

* llrrf 1 1 V-A Htntli k r n an 1 X IV I*4rj J/or/ \ J jy a II Oo- y f tht 
/nnn anl/olna Z eaj ISST 
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Thc'se de\clop to strong iincclml tlironcU if tliej roich nni 
‘source of mitrmient, such ns di^sorjriMiyod hodios niul pnrticuhrh 
dend plant's On nm otiicr substratum the germ tubes iie\er 
pa'ss bejond a rudnnentan stige Tlic germ tubes de\clopcd 
m ^^ater cannot innbe their waj into liMiig plants If ho^\e^e^, 
g^o^vn in suitable nutumeiit, tlu injcelinl thnads are smalkr 
and caivible of penetrating ns parasites into suitable liosts Tlii' 
thea arc able to do because thej gi\e ofl a fluid nhich enters, 
into and hills In mg plants The dead parts of the plants 
scrae as nutniucnt to the fungus aalnch makes its ww mto 
the ti''Suca and causes death of tolls in direct contact or im- 
mediate neighbourhood Tlu deulla tlnul separated bj the 
fungus, contains as an essential constituent, an enza me soluble 
m acul solutions and capable of dis olaing tlic cell aaalN, also 
a nunaboa of imporftctla kiaoaan organic ami inorginic acids 
and salts nniong''t aalucb oxalatas can cortninla be pwacd 
Ihe niaccliura generally jacnotrates parts coaoud onla b) cuticle 
01 a thin pcndcrua It docN so ba laaphnl bnanclies aalnch groaa 
into the air till thoa nacli sonu suitable ho*t , tlrcii stunnlatcd 
ba the pro>«suri tboa gne ofl cliaractenstiu ongans of attacliment 
aalnch stcnte a coll killing llmd and cause disorg-amration of 
the place attacked, thea dtriae noun Imicut fnam the products 
and giae off branclios winch pemtrate into the plant 

Conulia capable of gernamation art ncaci produced though 
a irda taiaj sptnnatia or loiaidia incapable of gtruainnliou ari 
aljoinlLd from the laiacilium 

V stage IS tortamla maar pix cut in the lift of 

this sptcus 

I cltjvtioiiim IS out of the aaoi-st cucnaios. of cultiaaled plants 
1 )l llira obscraod total or partial death resulting from it to 
the following plants iVj<avo/if\ Pftiiitm ii^ctn /inifJoiv 

and P mlar Ilf Silunitv} tulcmiim, /'tnnui ilc/ati Uduinihui 
tidrraiK and Piucv Curxti It has also betii found on sjKtus 
of 7nrsifT J ita Ciclioiuim Pihlia Topinnmhti ttc and on 
Ptedhngs of innncrous other dicotalcdons It is thus caidiut 
that inana and aurud plants bilongmg to width reiiioacd 
faimhos maa serai as ho»ts on the other Imiad the fungus 
aaoids certain plants and is knoaan to ni)uro species in out 
localita aalnch it aaoids in another 

De 1 ara ngards a desimctiae canker on hemp m I’ussia 
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{Pcziza Kauffmamnna Tichom)' as related to, or identical ^\lth 
Scl sclc7otiontm llehrens, ho^\e^e^, is inclined to ascribe it 
to Sd Fuddiana, ^^lncll his occasioinllj a i?o^? i/^is-stage Tins 
hemp disease Ins nl«o been found m Alsace - 

Humphrej * rc^fards this species as the cause of a disease 
of indoor cucumbers, he ascnbes a i’e^j^^is-stage to it 

Sd sdaotioinm is best known bj the conical funnel shaped 
depression in the hj menial disc, not present in other species 

Sclerotinia trifoliorum links* (U's America)® Cloiei 
is not attacked b^ the Selnotima last considered but falls an 
eas) prej to this species, which again denies but scant) nouush 
nient from such food ns fresh carrots Sd tiifolioi is 
obsencd wild onlj on species of cloier, and is there furl} 
common, man} other plinis, howeier, lia\e been artificial!} 
infected bj it Host-plants are attacked tbrouch then green 
foliage, which ler} soon becomes brown and shriiels up If 
the atniospbere be suflicicnth moist, the ni}celium emerges 
on the exterior and spreads to neighbouring organs, or plants 
Sclerotia arc not often formcil superficial!} as witli Sd 
fic/fro<ior«ia, because the mjcelium Ines prnicipall} inside 
the plant tissues Ihis nnceluim resembles that of Sd 
sderotwnnn in Us peculiar proi><*ri} tint successful infection 
onl} follows if the fungus has li\ed tor a time ‘■iproph} licalli 
on tins account direct infection hi spores is harmless In tin 
secretion of an enz}mc and of owlic acid, and in the manner 
in winch it destroys tlie tissues of its host plant this species 
bcbaics like Sd tdintfionnii described It is distinguished 

b} its 1 irger ascospore« and tlie absence of a ccntnl funnel 
shaped dcprtssion m the h}iiicmuiii Spores gerimmtcd in watei 
product numerous l>odies (so called s]>ernntii> winch distinguish 
the species from Sd Ft'ddiana where tins does not take place 
llostrup® found in Denmirk tint iKjti'hua sufkred 

•TichotinrolT JliU «v taf Vo»r«>i* IlsfS 

UeUr tU« \ ll4ufVr«l im llta's’" nft / 

I'JlctH rHlmulknlt II Isni j, JOs *TnM.Vcnr u. iiaA>F t jule «1 TaIaL* i t ni 
ISIS, Si 

•H«nnlHT) 1 /nr tr/tr nMtion Jfaf 18'*2 J) 

* Kulm, ‘ I'lr ‘'WtihiiiiniiniiiVbritwi «l KIfts. Ih i r t i lS"u 

1 rlim . / >r>nrl />., hit, .rtfutru h» I •! .t 

* XJawf {linhth f I u pit ^om le n prr i» ii*' e' i Ifi le ef ihi» 

I AMnp <>.-curml in lliitain 

MU'*!™!* r.f‘ I t « Km 
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(Pc t a Kauffmamana Ticliom)' as relited to or identical ^\lth 
Scl sclnotioum Behrens houeaer is inclined to ascribe it 
to Scl Ficlchnna which has occasiotnllj a stage This 

hemp disease has al^o been found in Alsace" 

Humphrej ® regards this sjccies as the cause of a disease 
of indoor cucumbers he ascribes a stage to it 

Scl sclootioinni is best known b) the conical funnel shape I 
depression in the hj menial disc not present in other species 

Sclerotinia trifoliorum Friks* (US America)® Clo\ei 
IS not attacked bj the SelcroUma last considered lut falls an 
easj prey to this species which again denies but scant) nouiish 
inent from such food as fresh carrots Scl tn/oliointi i is 
observed wild onl} on species of clover and is there fairlj 
common man) other {lints however have been artificial!) 
infected b) it Host plants are attacked through then green 
foliage which ver) soon becomes brown and shrivels u{ If 
the atmosphere be sufficient!) moist the m)celium emerges 
on the exterior and ${ reads to neiglibounng organs or plants 
Sclerotia are not often formed superficmll) as with Scl 
sclcrotiomi because the m)cehum lives pnncipall) inside 
the plant tis«uc« Ihis mvcelium resembles tint of SI 
sekroUoum in its peculiar {io|ert) that successful infection 
onl) follows if the fungus lias lived lor a tinn, eaproph)ticalh 
on this account direct infection bv spores is harmless In tlie 
secretion of an enz)me ml of ox die acid and in the manner 
111 which It destrovs tlic tissues of its host jhiit this species 
behaves like Scl tclcrolwri m dc'cnbed It is distinguished 

b) Its 1 ir^er nvco^porc^ and the absence of a central funnel 
shaped dc{ ressioii in the h)nicnmi i ''pores ^ennimtid in vv itei 
pro luce numerous lohes («o called sjenuatiO which distinguish 
the species from Scl } cl ha a wheic thn does not take {het 
lo<itrup® foun I in Dcninirk tint ^[chrag liij In suflire! 

*Ti 1 j rolT J} II »iv t IT If Vo o ISC'! 

* IWl rci » LcUr Us At flrelen 1 llanfk e' i tls. s / (I r ft I 

//(in nlmnXA IsOl j ON TmLcnr u ia*.'e>auU 1 In 

IhH 1 S 

* H I j 1 rrj t x/tr It o Vn ISO" jj ‘'I **■ 1 

‘Kuln pc •'ll ir knoUctc I Klc II t n IS 

\ \x\ I t>r, I lu • I Kl r r t I 

* {I r* h I ft jn fo -n i\ Iv Tl is i o < i U -e f ih s sj»-<. 

)ft ng oocurrc’l n 11 > 

•1 »tni T I Ir 1 /-f / 1 ■ » IsTrt 
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most from this fungus, red cIo\er wa« le~ aflected, though 
the disease often )nd lU origin in that '•pecies while white 
closer was least often attacked He recommends keeping out 
McihcatfO from clo\er mixture'* and the addition of a large 
nroportion of gra=s «eeds Fields badlv aflected should be 
kept out of clo\ er cnltu ation for «e\eral \eai" English and 
French white cloiera he found to be xery sen iti\e, but distn 
bntiou of the fungus did not lake place b} mean© of «eed- 

Scl tuberosa (Hedw ) (Biitaiu and U S America) Tins 
on the rhizomes of AjuniOMr }in7ii>rom cau'ea formation of 
sclerotia laiger than blbert imt« The a«co pores on germmation 
produce groups of flask shaped proee from which are gi%en 
off chains of spheiical conidii incapable of germmation Certam 
p} cnulia which appear on the anemone plants or on the eclerotia 
belong to a parasite ■^U/otiroia Brefehl) 

Scl bnlhorum ^Aakk^ (Bntam) ^^akke^ ob'erved this form 
on hyacinth onion etc It is \ery similir to ScJ irifoUoritvi 
but the hyacmth fungus will not luftct clo\er, and iiec trrsa 
The lea^es attacked become rotten and the plants die" 

Enksaon describe from eroihod ('Sweden) a de tructive appearance of 
b lib lot due to sclerotia wbicli he attributed to Sel Fucl*h i«<J 15® Baty 

Scl candoUeana Le\ on oaklea\e« 

Apihndu 

Sclerotia of Unknown Affinity 

Scl oryzae Catt Bice phnt5> (Oiyit are often 

attacked bj this Sdcioittm and a di<!ea<!e called Bmsone’ 
produced The «cIerotia are found duimg June m the sheaths 
and stems The symptoms are blackening at the base of plants 
and avjthermg of upper parts 

Scl rhizoides Auersw occurs on lunig plants of Fhalarts 
art ndma/'m and CnIatnajro'iUs , also on dead leaaes of Daciylis 
(jlt. mcratu 

Scl rhinanthi Magn ® forms sclerotia on the roots and root 

’Wakker AH']* j ^ <rctn j voor BloembolUt ci Itur llsS3 84 8l«o Bota» 
Ce Irall/atl X\i\ 18S7 

*f» Ma.®»ee {f ar letter i Cl rontde ad \M 1694( gi'es descnption md 
figufPa 

^iethttl <l Z/o/a I I «r I Pro JJranleniirj \\\\ 
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neck of liMng Hhinanfhtis vitnor these boelies begin their 
(le\elopment m the ctmbuim and birk, which the) kill, after- 
wirds the wood itself ma\ be attacked 


Sclerotima with Botrytis-conidia.' 

Scl Fuckeliana De Bat) This ScUrotmia is distinguished 
fiom all preceding ones b) Us passing through a Botrytis^ 
comdia stage {lioirytx^ cincrea) If conidia are sown out on 
plum luice gelatine, there appear within fourteen to tweiit) one 
cla)s round groups of sclerotia which soon 
gi\e rise to conidia From such artificial!) - 
reared sclerotia I haae ne\er succeeded in 
getting the Pezx-a fruit so easily cultuated 
from sclerotia gathered m the open air {cy 
from \me leaves)* Thus the actual proof 
that Sd Fnclchana and IhUytn cincrca are 
stages in the life of the same fungus is not 
reached bj this experiment* Tlie two forms 
are, howeier, a or) frequcutl) met together 

The sclerotia of Scl Fuddiana are produced m the mesopli)!! 
of the leaaes, al<o m the parcnch)ina and epidermis of the 
liost plants but neaer m the aaood /*«i:fffruits avith lint 
apothccia are produced from them ^clcrotia are found in a me 
leaacs and oaernpe grapes (Fig 140) espccialla of the Iheslmg 
Orleans, and S)laaner ainctics* Other plants and fruits ma) 
ilso be attached Diseased puts become brown from the 
effects of the pira«Uic maceliuin, and (he olf The in)celmm 
tan oul) liae parasitic after it has been strengthened b) a pre 
aious sapropli)tic existence A«cos|»ores are thus unable to 
clTect direct iiiftclion Tlie Z*»/ry<s conidia seem howeacr 
capable of datectl) iwCccUw^ a Iwst pKwt wt least, I Uaae wlaaass 
Micci tiled m mfectiuc Lomfers successfull) aaith the coiiulnl 
f rm h ti i/lts 1) vyUxou 

•Sc ftl'o Cofryf » Btiionj:*! ihc Fnon 

*llr<fin llcft II p IJS Bf,l 3 L n 315 Tulitnf /> ifnl^ Ktnntn\n tl 
I lyixnlrxxHUuUn, \Sss 

*7 if (/)i< I’t! t jv tliBt Pt <>(i fruit* W rr»rMl fotn tl 

••clintu *ftrr tl «*% li*i« a 

* aiiillcr T1 urjrsu 1* r l,*IrU*alF <1 Traubrn. /<tr fx- r(A Jiihr^H'S ISS 5 

(l»f In I JnH Lttifra! Jalt XX\T ISSs | *>4) 



Fin 140 Sclircl nta 
fvelrl n 0 lUj* TOt of 
tie Crape Hem with 
»c1eroti4 (T Tubeui 
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Epidemics of great magnitude ha\e been ascribed to attacl^s 
by the ^o^jy^w-forms of this Scloohyita Thus on lilies in 
England,^ on jellow gentian,- on male flowers of Conifer?, and 
on the twigs of Conifers and other plants This is especnll} 
the case in houses under glass, where the fungu's, favoured bj 
the moist aimosphere, lives as a saprophj te on dead plant-remains, 
and multiplies till it becomes strong enough to act as a 
parasite It is, however, quite possible that coniilial fonns of 
other sclerotia (eg Scl sefcio/iomni) mi} be confounded with 
this species 



The presence of iiotiytis and allied forms on the vine is the 
cause of a disease of great economic importance, because severe 
loss lua} be incurred through rotting of the gripes and tlie 
injurious after effects on the "most ’ 

A decay of the potato plant is said to be caused bv sclerotia 
formed inside the stems, and also bj a J)o()i/tis^ Smith^ has 
figured similar sclerotia, which he a'lcnbes to Fc-i-a j^o^tumn 
Berk and Wil 

*H M W anl, w-lwJin/< 0 / Bolauy, 18SS 

s Ki'slmg Iftlwijia ISS9 

* Lit/enn Kon , / Pjfan ttilranl/ u'en 1S94,0 Kirchiier, H » 
Woch'iiflari j lanflmrth , 1SJ3 

♦ V\ orthington O Smith D of F%tH and Carthn Croji* London 1SS4 
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Sclcrotn along with iJo/ryfis comdia have been found fre 
quentl) on dlse^sccl gennmins 

During the summer of 1894 a withering of twigs of Pnimts 
triloba occurred in se\er'il gardens at Munich (hig 141) A 
mjcelium was found in the barh leaf petioles and }oung 
o\ari6s while Botnjtis comdia were 
developed on the dead parts 
"With these I successfullj infected 
joung needles and twigs of «pruce 
bclerotia w ere also formed on plum 
gelatine in fourteen dajs The 
parasite in this case had killed old 
twigs of Primus and also infected 
twi^s of Conifers 

Botrytis Douglasii is a parasite 
which I studied some tune ago on 
account of its presence along with 
a disease on the Douglas hr {Pdcu 
ihtsuja DoiQlabu)' I have since 
had reason to believe that it is 
allied to sonic form of sclcrotium 
like that just considered and mj 
view IS supported bj Beliruis* 

Ihc disease as seen m various 
j irts of German} is chirnctcrircd 
b} witliLruig turliiig up and duith 
of joung shoots tow irds the sum 
nuts of vouiig setdliiigs and on the 
lower tvvi„s of older trees up to 
about live feet alovc the ground 
In autumn flick «ckrotia about 
the size of pm la ids break ibroUph 
tla cjidinms under tlu old bud 
scales at the I i« of dead shoots 

and on the uoedK> In nllition to the e smaller mas es of 
t u^h 1 livpbie are nUo furmi 1 Mh n sclcrotn are j lace I 
m a molt cliamKr tufts of ire-ct comdiojli res an«e an 1 
I ruicli f rimiu mimounis whorD tf etiudiopb re from which 

' \ Tul" u( / lr> If ^ K vtitu fit i«ml-rn It nt I.,rl n 1^''' 
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Dasyscypha (Peziza) Willkommii, Ilartig^ The Lnrcli C.mkei 
(Biitain ant\ U.S America) 3^\er5 where iii the mountains, the 
home of the larch, one finds, on joung blanches and old stems, 
depressed canker-spots, on which the sporocarps of Da'njscijpha 
WxUlomimi are deieloped Young twigs, when attacked, are 
already conspicuous in dulj and August bj their pale and 
withered needles, and on them small 
canker-spots will he found, these rapidlj 
enlarge so that on older stems tliej inai 
reach \er 5 * great dimensions. Hartig easil) 
succeeded in producing canker-spots on 
healthy trees b} artificial infection 

If canker-spots are examined «;oon aftei 
the death of the bark, the stiomata will 
be found as jellowish-white pustules 
Conidia are produced cither on the free 
surface or in the internal cavities of a 
stroma, the) are tmy uincollular h)alme 
bodies, produced from little comdiophores 
llartig never succeeded in getting these 
spores to germinate If the atmosphere 
bo moist enough the apothecia make their 
appearance latei on the same places, the) 
are evternallv jellow, and mtoniall) orange- 
coloured. The apothecial disc cxmos long po rirapiiriM * i»i>i»t»d 
thrcid-hke parapli)ses and cvliiidncal asci n lurtifr) 
with rounded apices (Fig 143) The a«oo 

spores are oval, unicellular, and hvaliiie Thev germinate and 
give off one or two germ lubes which arc unable to penetrate 
the penderm of a hovt phut, and oiil) find intrance through 
wouiidLd placx*' Wounds are vtrv tommon on larch as tin 
Tcsull of had, or atijurv to twigs \») '«nov\ or ice or destruction of 
needle-? bv injects For cvimpk. the Larih moth {Co}(vph>i-i 
laricrlln) is will known to cause k^s dam ige on the nioiiiitams 
than 111 the lower u-gions aud in the same degrit 7> is 

k isl injurious to nioiintain fon-ts 

The mvcehuiu is uptate and much hnniheil it sprta<U 
chicll) thnuuh the «oft bast e"|*ecialh in Uu mim tubes and 

Ml. t iiOrn rA aifil /<r-rl-uiait t ill > 'h’n I |ssO M Will 

koluii). .l/iZtxM r.iihilo 11(1 /« II |sCs 
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intercellahr sp'^ces bnt it mij also penetnte the wood is far 
as the pith The fungus onl) opresds during autumn and 
winter ne%er dimng summer the vegetative period of the 
larch The attacked tissues of the bark turn brown and shnvel 
up causing the depressed canker spots Health} parts continue 
their growth notmall} and ire freciuentlj cut otf from diseased 
areas bj formation of lajers of secondary cork this isolation 
IS however rarel} effective since fresh invasions of mycelium 
from the wood into the bast take place annuall) and thereb} 
the canker spots keep enlarging for an indefinitt time 

The fungus develops reproductive organs only in damp marshy 
situations On this account spore forraition is less frequent on 
mountainous slopes than in moist \alle}s and ravines The 
larch on its first introduction into the low Ij in„ parts of Germany 
Denmark and England was much cultivated as a pure forest m 
close damp localities and with great success but now this parasite 
has followed its host from the mouniains and causes ever 
increasing damage 

As preventive measures maj be lecommendcd larches m 
lowljing districts should be grown in open air} situations and 
never massed together nor placed m the neighbourhood of diseased 
larches 

LaclmeUa 

The reproductive oigans are similar to Da-iyscypha but the 
apothecn ate firmer ami generall) have no stalk the spores as 
a rule become two celled at mituntj 

Lachnella pini Brunch* occurs m \orwa} on twigs ofPiai^ 
sjhislris as a par isite which q ucl 1} 1 ills } oiuig plants and twig 
It IS rare on old plants The apothecia resemble those of -D 
1] till ommix but are larger cateniall} brown and covered with 
brow n hairs, and scales The disc is reddish } ellow w ith a whitish 
margin Ihe asci measure ilout 100 m b} 9 m and contain 
colourless unicellular spores about 20 m long 

Rbizina” 

Tins gonus contains the single species Rhizina undulata 

•llru cl orst aoy/e nor»le glo jglo r Tlcrgens VI is ISO"'* 

* I h nilniapaton son e il ere I et vcc i U e / « ftit nn 1 tl e Hd xllf’f 
■'^ccarlo phces tie tcnus inler/c e • w1 1o Scl roetcr ates for it He 
special gro p of lih a el mcl Icl inler I s J/elctll ti 
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It (Eh xnjlata Sclneff) Koot fungus or I’mg clisenso^ llus 
fungus IS found ns n ‘^nproplij to on the enrtli cspocinll) wlicre 
forest fires hive occurred , also as a pimsite on indigenous and 
o\otic conifers As such it has been obscried in nurseries in 
\nrious parts of German}, and m woods of Finns Finnstci m 
trance The fungus itself is known in llntain though not as 
a parasite 




The di'sei'st iXtciids from a cenln. an J Utaeks t iie j Hut 
aftir another cui«iu^ them to lo«c ihcir needh'' and die 
The «j>oroph res are large (5 to 2 indies) eliestnut I ruwn 
liattened or uuUihiiug «iruclurts wlnth «:it iliri*eth on the 
iincehuni withuit a «ialk On the upier surface i" tJie 
a co^eiious laaer which when moi t l‘« jHCiilnrh «tieka and 

'J I n. Z U kntt J I 1 rill rue (.vny! 

f I U U It ijn lsv> 
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il ff (ipht i‘ci o\t.r uliich 

I rrijf<l <qitilc jiinjpli} <•<=•, nml nl o non ‘C| Uiio liV« 

‘•inicijjrc'= whicli brown ‘^•cn.lKin Tlic 'ieco«[>oru« in 

iiiuctllnHr, Iij ihnc, nnd cinoc «lnpc<l on j.'cniun'itmn tlic\ •n't 
o(r n wlnclt uiuntfliudj tlt\clojiS uUo 'i 

imceliuni Tilt tn^cclnnii is found m iIil intcrctlluhr 
of the niicl inrcncltMin but in tJu bi<t ii prow« Wilb in«i(le lb' 
C£.n« 'ind Ik.lwcmi tlifin «o tint thc*j<\e tube*! on ofun compkttl' 



fillf-d np of fun^ncl |>«< iidopnrcnfbMin nr( frequent!' 

fonn< d ?Tet\\f(n t!ie ond di^fT'fd t;«sues. Slnnds of t!ie 

mlure of //i <W«' n/? enurgo from l!u ditri'ed root® nnu' 
ff llidii rirrvin^' llireid hbi jroc««:f<!i nt l!ie estremil' of 
"lufli fui oil «lrfp !•- «f-rr(tfd nnd r enjxs on ruplnre of tlie npex 
\cconbn„' to Ifirti" %«rj Im} conuln are n!jojnto<l fn»ui 
iIk mwci luuu 

1) h IVuth^o* nnd I’nllifux ln\« liotli ronio to tlio conclu'ioii 
tint h nnh Ii« dii rend'' nf 7’iju ^ f}/!rf rn< nnd P tnnrtfn • 
n ibf ‘um <li‘( !■., r,«i tl„ • niv r’iu«( d b3 J ) t'tm 

^ J n l il li «/ 4 i/jT r tif fmAtt 
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Ajtpfndt I 

The Helvcllaceac 

Tins IS well known, «oine as {voi''onnn'i, others i** 

edible fungi (morel, etc), and n few are siispLCtcd of bung |nn 
sites The ascogenous Kjcr occupies the upper surface of the 
sporophorcs, which grow on the earth ami assume man) aarnnis 
forms As a rule the) are erect and ficsli) , and more oi lo«s 
lobed, wrinkled, or folded 


USTILAOINEAE 

The Ustilagineae or Smut fungi arc distinguished b) their 
dark*colourcd or black chlain)dospores, which on germination, 
produce some form of prom)celmm capable of giving rise to 
an indefinite number of conidia or spondia ^ The chlam)dospores 
themsel'cs arc produced in large numbers fiom a ni)celium 
and sene as resting spores to carr) the fungus through the 
winter, being often, m fact, the onl) part winch persists An 
endogenous formation of spores in sporangia as in the lower 
fungi, or in asci as m the Ascom)cctes, does not occur in 
the Ustilagineae, Uredineae, or lla<!uhom)cetes 

The resting'Sporcs of the Ustilagineae contain onl) one 
nucleus, the result of copulation of two nuclei , their formation 
thus marks the end of one generation and their gennmatjon 
tlie beginning of a new In the case of the Uredineae, Basidio 
m)ccte‘», and A'?coin)Cetcs, the beginning of the new generation 
IS indicated b) the genmnilion of the tdeutospore the formation 
of basidiospores on the basidiuiu, and the germination of tlie 
nscospoTC rcspectuel) 

All the Uptilaguieae are parasitic on higher plants the 
m)cehum growing lutcrcellulirl) and nourishetl b) meins of 
haustona «iink into the host cells The m)celium itself causes 
neither disiase nor deformation of phnts, and it is onl) wlun 

« llrcfcl 1 n kinU tlif Iiromjcelmm of the Urtihcmcie not like De l>4n as 
, ^ 4 * 1 «>tx or Ki«i lial *trueture lo aoc< nUiice 

, .. ■ lemie'inte prouj* tie Hetiiilia«i In corre 

. ■ , tl en •uWiTi les this group into (n) Ustila 

' * »»///! 7Vy;*r«/-onitM) wlich u a rule 
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tlie resting-spores are developed that deformation occuis These 
spores arise by intercalary growth in the myceliuih, which is 
generally completcl) used up m their formation , they are 
produced in large numbers, and scattered after deca} of the 
tissues enclosing them 

As a result of the germination of the resting spoies, there 
is produced eithei a mycelium capable of immediate infection, 
or a promj celium from which conidia ' are abjomted In the 
latter case, conidia are generally formed in succession, and 
continue to be given off from the promjcelium for a consideiable 
time They either give out a germ-tube capable of infecting a 
new host, or give rise to further conidia The latter process 
IS most frequentlj observed m artificial nutritive solutions, 
where the convdia continue to sprout in a yeast-hke manner 
till nounshment is exhausted, when they germinate and form 
niycelnl filaments In the host-plant, chlamjdospores alone 
are developed, conidia exceptional!} {Tiibv,rcinxa cud Enti/- 
hmci) 

The Ustilagineic are very dangerous and injurious enemies 
of cultivated plants, especially to the various cereal crops The 
species are fairly easy to identify, because each is, ns a lule, 
confined to one or a few species of host The smut-fungi are 
best combated bj stenhzing the seed of suspected cereals m 
a copper sulphate solution or in hot water shortl} before 
sou mg out , (see General Part, chap vi ) In this way any 
adherent smut-spores are Killed, and where this pieveutive 
measure is regularly earned out, disease is less common and 
its effects considerably minimized 

The Ustihguieae include the following genera U'^hlag), 
Sphacrloihcca, Schizonella, Tolypospormm, Txllclia, Entyloma, 
^[e^anotapnmv^, Uxocystis, Tuhurcinia, 2 ?a 05 snn?ici, Sclnoetei in, 
Threaphora, Sorosponum, Giaphxola, Sckinzia, Tnhcrculana 


Ustilago 

The vegetative inycelmm makes its wa} through the tissues 
of the host-plant without causing an} defonnation The spores 
aie developed in certain paits of the host, and form a much- 
branched, coiupiet, ftporogenoua m}ccluun, with membranes 

’ 'Coni(liA* = tho Bporicli-x of Po lUry 
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uhlcli 'll first swell up in i gelatinous manner Spores are 
formed inside the ultimate ramifications of the mjceluim and 
ns thej reach matuntj the membrane loses its gelatinous 
character, the cells break up and the spores are sot free , the) 
are dispersed as a dr) dust} powdci after rupture of the tissues 



of the ho'st cncloMug them The spores germinate, giMug ri'C 
it> a pronncelmm (ba«idnim) winch It'comes di\idwl up 1) 
incius of cross septa into seacnl cells, from each of which 
com In are latcmlh nl jointed Thee comdia sprout }ea«t 
liki aud guc off new ennuha or tliei j rxxluce a imcelium, 
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the resting sporc 9 tfL <le\ eloped tint dcfonintiou occurs Hie e 
spores ^^lse li} intLrcdir} {^owtli in the injceliuiil \\hich is 
p'encr'xll) coinplctel) used up mi their fonmtion , thei ire 
produced m hi>,L numbers niid sc.itlcicd after dc&i} of the 
tissues cnclnsni„ tlicin 

As n. result of the nenmintjon of the re^tin^' spore tlicre 
IS produced cither a mjceluim cii ihle of imincdnte iiifcctioii 
r a prom)celnnn from \>liicli coiiidn^ are nhjointcd In the 
litter CISC conuln arc gencrillj formed m succession »n' 
ntmvu t ) bo guen off from tlu |irom\cclium for a coiisulcnbie 
lime Ihe) cither gi'c out a eOrm tuln cipablc of infcctiii-, a 
iic\\ host or giNc rise to fmther conidia The latter process 
is most Ire [ucntl} ohscr\cd m artificial nutntiic solutions 
where the c uiidia continue to sprout in a \exstlikc niamier 
till nourishment is exhausted ttlicn lhc> germinate and form 
mjcclnl filaments In the host plant chlani}dosiK)rc^ 
aie developed conidia exceptional!} {li'hnrcinia and /’d/ 

I ma) 

The Ustilagmcic arc veij daiuerous aiil injunous cncinn;» 
of cultivated phnls especiall} to the various cereal crop^ The 
species are fairl} ca&} to identif} because each is as a lule 
confined to one or v few species of host The smut fun.'i arc 
best combated bj steidizmg tlie seed of suspected cereals m 
a copper sulphate solution or ni hot water shortlj before 
sjvvmg out (see General Part chap \i) In this way aii} 
adherent smut spores arc 1 died and where this pieventive 
measure is regularlj carried out discise is less common lUt 
Its effects considerabl) minimized 

The Ustilagmeae include the following genera 
Splincdotkcca Schi onclla Tolypo^ponum TilMia EnUjhmn 
^^elanotacm■n i Uiocijslis Tuburcima DaOiSansia Schiocteria 
Thccaphora Sorosporntm Gtaphxola Schxn w Tnherciclaiifx 

Ustilago 

The vegetative mycelium males its wa} through the tissues 
of the host plant without causmg anj deformation The spores 
are developed in certain parts of the host and form a much 
branched compact spoit^enous mycelium with membranes 


Cont<] a the spond a of De Bary 
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which at first swell up m a gelatinous mannci Spores arc 
formed inside the ultimate ramifications of the m)cehuin, and 
as they reach maturity, the membiane loses its gelatinous 
character, the cells break up, and the spores are set free , thej 
are dispersed as a dry dust} powdei after rupture of the tissues 



of the ho'st enclosing them The spores germinate, giiing ri'-e 
to a pronncelhun (biMdiiim), which lK.-comes diiided iiji hj 
mean*! of cro«<i-septa into se\eral celU, from each of winch 
conuha are latcnlly nhjoiiited Tlie'C conidia sprout 
hko. and gi\e off new conidn, or they pnxluce a mycelium; 


278 


USTII V( INf M 


tlic former is tlie case ^\heIl nutrition is nbundant ns 
itiidtr artilicml culti\ation the latter mider less fuounbk 
nutrition in \cr) unsuitable condition*^ tlio constituent cells 



F 0 110 —Pi ago ria d t V t sed Ma ze hcvla after removal of enclos ng 
leavc<i The heads arc be ct with amnt boOa of a I aizes some rupt red others 
St I unbroken (v TubeuI pbol ) 


of the promycelmm may each develop directly into hyplne 
capable of infecting a new host 




\ Mil \» » 


Ustilago maydis (Dl )* (Itntnii n«l I Atn Tim 

‘■iiml of ^rn Vrj« {millin'* nn«l oh^jku »« tlrftrnnli n< 

<m Iwcs lc-\f “ttm** nMn** nii ! pirt' t f ih nnlo nn 1 
ftnnle llnwer^ llic«cnn uhiti**]! 

lil\» Rwclliiv'^ nnil lib'iUr* 
cmtnunnj; n of y\\iMi*»wH 

injctliunj fnim \n1iicIi sjton** nit. 
liroluccil The '?\\ollm^ itn\ 
itt'xm to tlic S17C of a fi«;l or 
e\en hr^ir Tlu spires n{ptar 
at first ns ihrk (>h\t ^ n 
iinsscs seen throu_h llic Iijilcr 
^ricn outer tissues of the host 
phut, ^^hcn tinturc the s|y>ri. 
uvns cs cnv\«s. Tu\iturc of tlic 
enclositi„' host tissues nnd < sci|»c 
ns i dust) powdei l!ic 8i>oros 
ire dnrk bro«n ju colour irrc^u 
Inrl) spherical m shape cotcred 
uithdclicnto spines and luexsure 
9 12u in diameter Tlic) rc 
nnnt capable of gcnmuation for 
mui) ^ears 

On being sown from the host 
plant direct!) into watci ver) 
lew spores germinate at once 
) et if sow n in the follow mg 
spring the) readd) do so In n 
nutritive solution (c fj plum juice 
gelatine) an abundant germiiia 
tion ma) be obtained at an) 
tune A delicate h)alin»., hjpha mmm 
IS gi\en out first and after he 

coming diiided up b) scicral cross septa it proceeds to abjoint 
conidia from lanoiis places Tlie conidia sprout iii the gelatine 

' \mencan Literature U S Dept of Agrxexdt rr 1 tpori ISSO p 3S0 ^vith 
lescnptiOQ an I recommen 1-ttions as to treatment Also 0/ o l 7 ric Lxrter Slat 
IMUli tol III p 271 1690 

*Tlie principal autl oritica for the occarrence of the U8tila},ineae in Britain 
aiil the Unite 1 States are riowright (/frittvA (/*ltlag leae 1869) an 1 Farlow 
at d Seymour (//oil inefer o/ Finji of U S Americn 1891) (Llit) 
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111 a }cast like nniijitr l)ut on cxlnustinu (if llic iiutrituc 
iintenals the j run in comdn and c\tn the cori'siittK.nt colls 
of the proinicclnim fti\L oil ^.cmi tuhe*! Coniiii are iievir 
found on the in uzc plant itself but Ilrefehn ini(i.sti^ati( iis 
Ime deinonstnted th(ir proluction on dmie' culture'; that 
couidn maj po he produced on inanun heaps or manured 
soil and aouii^ jdants bt infected bj them I refold ha 
bj me ins of ^enniimtino coiudia succc'sfnlle uifccteel inai/t 



seedlings as uell as growing points and other voung parts tf 
oldei plants 

Infection niaj take place on any immature part of the 
host The uiicelium does not giou through the uhole plant 
but onl} inhibits a part m the Mcmitj of the place infected 
The heads are most freqiientlj attacked Mith the result that 
the gram fails to reacli matuntj or is destroyed during the 
formation of fungus spores 

Oning to the dangei of infection gram im\ed with smut 
spores should iie\er be used for sowing nor can such be 
safelj used for fecdin„ cattle on account of its injuiious eflects 
on them 
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Kunwlt®.’ i\ml WnVkrr* ln%** tint tin* 

nintoniicnl clnii^ts jirolncul \t\ ihis llio hit' r 

m\c«lv'it<'r found thd the xjletii elements nilh nnli^tuficd 
rcnnin nuoinjikteh ilc\clo|*cd, mtd lii\e n jM.'rulnrl} 
course, tint nonnil ‘■n\c-t«l«cs nro nli'rni , tint the 
cclh of jnrenchjnn nndcryo e<rornhrj dixnion nnd rm* 

to a ne%\ ti'«UG jiro\idcd with little fihro\nscuhr humllc' and 
rich in '^tarch-contcnl'!, in other wonh, a niitnlno to Ik* 

n«ed up in thy «!porc-fomntion of the '»mut 

The di«ca':y maj lx? found wherever nnire n cultuatcd 
and often enmes a \er\ <onous diiminition in the Inm*;! 
It nnj he coinhited h\ eirh removal anil dt'strnciion of the 
Mniit-jrtlh A*? a preventue incnua*, the treatment of teed corn 
with copper sulphate solution* is recommended The nvonhnce 
of fic«h manure n also ad\i«\hle, since conidn capable of germi- 
nation may he lodged m it 

The, following arc the results of an c\pcrimcnt earned out 
at mj instijntion hv Professor AVoHnv m liis CNpcnmentnl 
plots at Munich Three plots were selected distant from each 
other about 70 metres On 2inl Ma>, 1893, iliesc were marked 
out in rows 40 centimetres apatl, in which maize was sown at 
intervals of 50 c.m The gram was previousl} nn\cd with 
smut-spores oht.iincd from the T^rol in autumn, 1892 Plot 
No 1 was left without manure, Xo 2 was treated with old 
Xo 3 with fresh cow-manure Maize had never been grown 
m the vicinitj so that no infection could result from e\terml 
source's The results were 

SmutteiL 

Number of PlanI* Absol Percent 
Pl'it No 1, immautireci, 148 0 0 

, 2, old cow nmmrt 124 2 1 G 

, 3, new cow manure, 132 11 7 0 

UstiUgo Schweiuitzii Tul from CHrolmv UbA li probibl) identical 
with (Jit maydts 

Ust Fischen Pass* This smut, observed in upper Italv, 

‘Knowles, L. J , Amcr Journal of Cytology, \o\ iv , 18S9 
“ Cngmi, “ 11 Carbone del grano turco,’ 5oW ddl slat Agrar th itodena isai 
»VV akker, /VinjfAeim « /aAr&wcA, R1 24 lli92 

*Sce “General Part chap \i , and also “ V ergleichencle Untersuubnngen 
Ub 1 lugbrandartcn ” P Heraberg in Zop/** /JeifrHjfcn, IfiO i 
*Pa8sermi Ju*t'*bctan JahTbueh 1889, p 123 




t VIII \l 


tltc pJKlulcs nrc Towtr m mimlMr tli*' i-itt- i>f ili*- « ir ritiin 
tlinr TK'rnnl tKi'Uion, Init Ml th«* Ann! nr^in* itj 

the plumes arc wlioll} or jnrtnlU c<*n\iit<-<l into irrr-^nihr 
prx'U'li smut im«'-c« l'nlate<l ]m«lulis nn) <»<^ur umlir tli<* 
inflorescence, on llic next iiitiriuMlc of the liiulm 



Fir 1^3 —Citilajo fitLfjila. Smut of Dum or Surebum Tho bead h«< been 
dirided up and the iaoUted bnnrbcs pbotograpbed The orarieiare trtn»formc I 
to long crooked aace, and puetnle like outgrowth* are also present on atalkIcU and 
stalks (T Tubcul phot from material ■ ippUed by rrof Dr Jiil KUhii ) 

The spores are jellow to brown m colour, smooth-walled, 
and of xerj xanahle shape, h-\2p. long and 5-9^ broad As 
a rule, germination in water results in the formation of a germ- 
tube composed of four or fixe cells, which elongate to long 
inycelnl threads or, exceptionally, produce a single conidium 
As a result of germination in nntnti\e solutions, a h\ely 





I'^ni-xr.tNKir 


iVrt’.ut^'n ''t' o!x<U\*'>; l!--.* !m tuuUij'ly in :\ \'cx<' 

lik<' ininnor. t\n>l only out «•* lix^'hie on o\l! xn't:".! of 

mUritivo nutortil. Infivtiiui j*ltv.v on. fo->HUin.^'i'l int<. 

Kul'h oulnvatf-l Xl jjw.s on a-nl 

•M’-l t’. -vX a • 'n of I' srrt is IvcX'i Afrsn r*-o W 

l'\ tl—* 

Ust. sorghi r<’** t Ku!inJ fl*.S. Arnoric''- 

Tlu' ntio’J'.ir MuU'ly ili'^tributixl ^Mri'.to t'f S-y'it’i r'\y' 
:uul \ It'' x“\!ornxl .ij'jv'.ir.tmo i" lU-'crilv’l I'y 

Kulni <v':nool:\t tX' foltv'ws l»;''0\'0vl j'l-xnt- ntt.un to nltv.o't 
t!u:r UvUU'.'il .u’.vl tho tloiwr-hi i-l i< ilovo! 'jvil ii< fT 

ibo cluuu'x Tl’.o ox'vry howowr i' lo-uplvtol'' t*.:*.'tA:n.orj'lio-.ol 
into vu' tillixl with it- m-tir w.ill tornuu.: il-'IL'ito 



W'luit'h vxut. winch c.V'ilx torn .uul, wh.cn tho sjx'n.'-* Iiam* 
o>c.iixV.. cv'luwcU I will Iv fouPsl lo vxxupi tho cx'Utro of tl.o 
Minit'uu^s. Tho ^:.unon'• m.n wl-k* Iwoino tilUxl with 
wuvl I'o oxtorv.Ally inorx' or lo-is. im\x-.:uirAl'Io A^ a mlo. uU tho 
tlowvrsi of .1 ho.ivl aiv smutty, ii .un oso.ijx' they ro;u.un uioro 
or Ic-is rudvmontAty “ 

Tho sivro-*. a^wrilui,; to ItrvfoKl. j:octmu.ito c '-y in untriti'O 
si'ilution-v IT.oy pyvviucv a four'OvUovl pri’mxceUuw. on which 
fow v.viudui an' fomuxl. 

Ust. sacciiart UiMi. I'ust'braml of cauo su^c-tr. Tlh> fun.;;u< 
i:\iurvi tho stoiu?- and ho-uU of ' •-{'vt rr!-'”i. 

and in Italy. Africa, and JaNiu 

Ust. sacchari'Cilisxris UxvC, twntrs on .S- vl near 

Calcutta. 

Ust. avenae (l\rN>. Tlio m«u: or brand of th,o oa: ivoin> 



\crj frcijnciill) on -Ifnm Mttia, n!«n on .|iot/r pnrnt'^lf 
A nnil .1 <fryo«a in Kuro|H; anil Noilli Amcuca So 

common is it tint oin* pcltlom sci*» a fuM of oils frxo from tlo- 
Mack ‘imultcil cars (Kitj 156) 

All inrls of the llower arc aUackcil, llio o\arj. stamcin, 
glumes, nml c\en the awns The }:mms hocoiiic lillul with 
the black ejwrO'powilci, which shov\s thruiijih the tmn«iKirint 



Flo 196 — ar(>«i< Tbe Oat emut ou falirn (t Tubcut phot.) 


membrane of the o\ary wall The diseased ears emerge from 
their enclosing leaf-sheaths, and hecome exposed to wind and 
ram, under the effects of which the delicate membrane soon 
becomes ruptured and the spores are blown or washed away, 
till only the axes of the spikelet are left with a few ragged 
remains of the flower As a rule ever) shoot of a plant and 
all the grains of an ear are attacked , if single grams do escape, 
they remain poorly dea eloped 

llie spores (5-8ju) lia\e a smooth or slightlj granular coat, and 
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fornnlion of conulia oi'sues, tho conulu miilliph jn u )cin 
hkt iinniiLr nml onh ^rou out as lisplmc on oxli'ui'-tioii of 
mUutue material Iiifiction taK»s |*lic.o on ‘^ecillinf,' l>Htil« 

Kill u cuUmtttl tliM K]M Cl >s c n ^ rtf 1 1 t ic^ f imlun tin\ ^ 
iiiuj RUp"tsts tint % •< ]iuo n ili-i < ( I) irrt iii ^outli Afrin mi' 1 '^ 
camod b\ tlm jnn"»tt 

Ust sorghi (tnik) {IT t Ttlnsni Kuhn) (US America) 
This IS another wiileU tlistnljiited jnri‘'Uo if Sot'^hum 
and S sice/tiilini Its eMernal aj»j>i irnncc is de^cnbcil h\ 
Ivuhn fioiuewlnt as follows Uisea^ed jtlants attain to alnio i 
thin noiiual sue and tlie llower head is dtaelojied as fir ns 
the chimes Tho oiarj howexer is e » npIeteU mclainorpho ed 
into a sao Idle 1 wnli sj re's ns <mtor wall fnrmm" a delicate 



Hi. *-f< n V Spk I I 


i It raUl a (r T »H.uf<J«l) 



Fi tv. — ti Jo9« fn <» n ticmiln 

•tiok. Brill Bjiroutt g WBlJn freip • 
In rlun gelatine ( T l« ' 

del ) 


whitish coat winch i& eabih torn md when the sporca hate 
escaped a columellt will be found to occupy the centre of the 
smut mass The stamens maj ilso become filled with spore* 
and be e\ternaUy more or le&s irrecognuable As a rule all the 
llowers of a head are smutty if anj escape thea remain more 
01 less nidimentarj 

The spores according to Biefeld geiminato on/^ m imtntue 
solutions The) produce a four colled promj celium on w Inch 
few conidn are formed 

list sacchan Kahh Dust brand of cane sugar Thi'« fungus 
injures the stems and heads of &icchatuvi ojficinnle S cyhnducun 
and S Bnantln m Ital) Africa and Tnaa 

Ust sacchan ciliaris Bref occurs on Sacchanim cihaic near 
Calcutta 

Ust avenae (Pers) Ihe smut or brand of the oat occurs 




\crj fro<niojitl\ «in '•j/mt, nl*n <'n .fr^iKi 

A folvn, ami .1 iti l^in>|)e ntul Nnith Aincnca Si 

common h it lint one fclcloni a In Id of «mI>* free from tin 
lilaclv ‘smnltcd cars ir»C) 

All inrt*^ of the llower arc nllackcd, tin* o\ar). •‘tajiicm, 
glumo«, and c\cn the awn** llic praim Ucomc Idltd with 
the bhek 8iK)rc*|iowdci, whicli ‘•hows llinnt^Ii the iran‘>i*nrini 



membrane of the ovary wall The diseased ears emerge from 
their enclosing leaf-sheaths, and become exposed to wind and 
ram, under the effects of which the delicate membrane soon 
becomes ruptured and the spores are blown or washed awav, 
till only the axes of the spikelet are left with a few ragged 
remains of the flower As a rule every shoot of a plant and 
all the grains of an ear are attacked , if single grains do escape 
thej remain poorly developed 

The spores (5-8/*) have a smooth or slightlj granular coat, and 




let-xm their cnjncitN for p,cnniintioii for je-ini In ^\rtter the^ 
j,cnnimtc nnnicdntoh, mnl pwxluce n ‘snylL (nreh two) proiin 
cduun coii'!i*!tin4 of four or !i\c coll** from tlie ends or pirtition 
wills of winch oblong comdn contiuiiL to ho uhjointtd hr nboiit 
two da^‘* Tilt odls of pronuedn nm Iccoine connected with 
one mother hj htcril hninclilets Delicate gtnn tubes tire 
j^iNeu oil h\ the proiin Cl Inl cells l)> the tomdui or Iin sccoiuHtn 
comdn In nutntue solutions »in the otlier Inml tlie sp^n.•^ 
gerimintc much more \140roush the pronucelium is stronger 
tlu eonidn are coiitinuousU ohj niited from little stcngniata 
and go on sprouting in a joist liKo nniincr till on exlnustion of 
the nutriment thej gcrmm'ite to furm M^ormis nijcclnl filmients 
Ihe fusion of the cills of promjcLlm ne\er takes place in nutntue 
solutions 

The infictiou < f oat ]ilaius takes place on the soil h\ means of 
the germ tubes jiroduced from the coni hi pronuceha or spore * 
The 0 iiilect the fir-t loaf «luaih — lint one wlucli on germination 
emerges from the luptured seed cons ns a whitish orjcllowih 
gicen shining shoot and coiitmues to grow as a sharp pointed 
cjluuler till pierced U the lirst ^reen leaf it dries up In 
*^0 to 48 hours after infection mjcihal threads} were fomil 
to ha\Q pierced the cjilcmial walU and to ha\c branched freeli 
in the tissues Ihe mjccliuin grows from the leaf sheath into 
the first green leaf passes straight through it into the second 
and so on till it n aches the Inulm or stem"’ The joung 
uijceluim t,ro\vs steadilj onwards and the plasmi of older 
iuphae passes oeci into it In this way the fungus keeps 
pace with the host plant c\liibitiug e\tcrnallj no sjmptom 
{ f Its presence till the flowers are reached ivherc the clilamjdo 
spores aic formed 

bterilization of seed coin bj Jensens hot water method is 
stionglj recommended^ In America steeps containing potassium 
sulphide copper sulphate or lime are also used As preientue 
a_,ainst infection late sowing is advisable This is founded on 
Brefilds im estigatioiis m vrliich he found that oat smut gerinin 


‘Wolf Dtr Bra d dta UttrctU tS"4 

a \ccor hi g to Kuhn an I in Brefet 1 s mfect oi s (Heft xi 189 j) the i lajontj 
of tl e germ nating com lia are aa I to penetrate into tl e j-oung si oot axis 
» Treatn eut of Smuts of Oats an I heat US Departr, « t r,f h rc 
Farmtrs rxlkun \o o ISO’ Cra n si uts and tl e r preaent on 'i<atd>ool 

of U S D(}t of Anno It} rt 1894 * 



I STM V< 


ntci\ bc‘'l at 10 C nml iiol «io well nlK)\( l.'i C 
concUi'ion is «:upjx)rto<l l>} c\|K!nmcnts of Kcllrnniim nnd 
Swiiylo Xcillicr llioeo »nvc«li^lorH ii<ir •Unsi n liov\c>er n.’ne 



Pio 15" — rn ffl'70 Txrrtiianf ©n^irUfital/*™ i <<«li«»(Oat Tte sralns 

arc tratufunned Into bUck •mnt tosMca tbc appeirinco of tbe Infected splkdcta 
u quite dUUnct from that of tbe bcilthp one to tbe ngbt (t Tubeuf phot ) 


With Brefelds Mew, tint the fungus is introduced into fields 
with fresh farinjard maiiure 

Kellenuann aud Swingle hare found a smut on oats in America winch 
the} distinguish as Uil atenae tar letts 

Ust Kotleri WiWe Tim n another species of oat smnt recently dx 
tinguislied , it has smooth spores, an i is said to cause et en greater dania e 
than Utl flicjiae 



I'aiLVJiMAi:. 


Ust, perennans Tlu- tvcur^ 

frv-^puntly in tl;c tlowor^ of < {V'u. loTl 

riio mvcvliuni j'»'r\ ntn*.o< in tho rhirorao. 

At! {*‘'1*’/' nonrlv ;ill:.>{ 



to tm 

e preco-lin.: o::e 

oci.nr5 
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are* re.illy two 

Ikirloy. 
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fouiiil on 

Uirlev. 

»' 1^' -«_• v'f adV* 

; 

- rtf'-i and f’ r 
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Ust. hordei 


J. ili.V'tr.'l (IJritaiu and T.S. .\uicric;0. Tu:< Ini? Mi:k 
'j'li-’ric.il •‘jx'rv'j l0*o t\» 7‘.‘« in <l;.uno:cr). which 
.md i;ivc oJf conivUa frv'iu a prv’tuyeviiun:. Tiic spikclcts i:on«x- 
nlly rcnniu c«clk>v.vl iti their «.ovori!:.rj. Trx'jtiiicn: of s-xhI* 
corn with a |‘•:r cent, copjvr stoop i< n certain rvai-Aly. 

Ust. onda (IhS. At;icri.*a>. In oars ii:«oa<c,x! hy this 

smut llso cpulonu:< of the 'jtluni'.** i< *-arly I'st. so th.\: t!.e 
spirxyp'wv.U’T lio^ fro\'Iy ca|<*S'.xl when the trors cnlO^Jo frun 
the UMf'sheatlr. Tiu' sp'tvs on ‘ivrtnin.uion j:ive otV a four- 
cvllovl I'nuuycclium, w!nc!i liowcvor conMLu hu: 

ilovoloj^ directly to a septate myovliuni. Tlie sjvro^ are 
j-UKVth-owxtcvl ami ov.iI to-Tw Ion;: ami .‘-G^ou tread): tt.oy 
are nuturc'l aud set few at the dowertn^ seas-'n of the tarley. 
aud pn.d-al'ly infect soovlUmr? m spring. The sjvres of thi- 
smut are \*ety resistant acates: treatmont 'vith copjyjr s:oep'. 
and it is rvcomuioiidcd to s-often the Isirlev for sever.*! hours 
ill cold ivater I'oforo appUduu Aen-oa's uietluvl. 

Ust. tritici (,rers.> ^ltrit.iia ami U.S. Aiuerioa>. AMieat-tmu L 
The spares are develo^vvl iu the ovurj* of the wheat, said are 
Mack with a tin^e of olive-^reen. On ‘^-’^aiu.^:ion thev im- 
lU'Aliately form a m^u-septate myceliutu ^Tr. IGO). 

{jj G?-<-ril’ed sjvre^'u-hwc* cc I«xr¥, ac I iTrof-st.e'alt-j ' * 
TrCtC-.~iot r/.Vr-y ftj Vj’jvr 

Ust. bcitata l»orfc. <’« Tritwvitt, ia Turk^^ta^. 

^Ko«tn:{v /Vitu'*. ISJX). 

• H^C5.!s.e, Z-i:* lrif?_rl ttv» Va. IslM, 


I STII 


o.f| 

Ust. sccalis Jh?H.nli Uxc-lmml Tin'* Kctir* InU nrtl.' 
.in<l tU'lrojs onl\ the j:nmj 

Ust. panici-wiliacei (I‘<r«) Pnln) stniil 

(it Millit Tin** ‘*111111 occur** on the llmvcr** of rniunnii vulid- 



Fk —Ctlilauo horJo Jlarlef imut on //on/«ii a <{ i( cAuTn. (t Tutcuf phot ) 

ccinn 1 * chat taginicnsc and P. Cms-galh in Italy, France, 
Germanj, and North America Sometimes it is \erj abundant 
and causes great damage The mjcelium makes its way into 
\oung plants and grons upwards with them, penetrating e\ery 
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rIkk t SpoRs arc cIc\tIopLd onl} in the inllorc^ccnce ninch 
in Lonscquencc fuls to rtach its full (lc\elopmcnt as a pniuck 
aiul rLiiinins nioic or less spike like and enclosed in a leaf 
slu ith Uio parts of the inlloresctnce become coinpletel} filled 



F l(iO t* cQo Inf f Tfbcat SID t Tbc central eir Is nonnal ai"! 
h -xlthj- the others ure smatted a d most of tl e srores are already shed 
(V Tube { yhot ) 

With a sporogenons inj'celmm fiom 11111011 arise the spore masses, 
these are at first enclosed in whitish coienngs consisting of 
tissues of the host plant but when mature they escape as a black 
dust or powder 




I ST1I \i «* 


2^1 

riiL “spiixs nrc ‘^iiux til cnicl «i» I ‘•pin nr il nr tllii tinl Ij/i 
1 n;: S lO/i Imul \ri nlin, to Infill tli(\ nniint* 

in t«o or llinc ih\s in witir mil |trn<tiiri pn tnvrrln with fnir 
<r li\o colls lliL cills un\ «illur Inul mu ilmuh in I lion tin 
liNplni. nr do ‘•o ifltr jriMniis fiisi m 

'spores phccil in nutntui miIuu ns ^crminit* m nUini tliru 
iliis nnil prmluce sc\iril strong pc|titc pmin\ccln with spimlh* 
'•Inpcil coiuiln Tin comdii ns n rule ^inniintL iltncth into 
lirinclunq li}plt fusion of coniilii is not knnun nini si c< niliri 
t iiuiln nro onh mn.l\ f inn.il llu hiplm liccoinc •‘Cptntc 
in tliLir older p'lrts and product, comdn in two wnis !irvtl\ 
fr in hjplne in tin. solution itself «ccondI\ from ncrnl liiplnl 
lirinclies which rise out of the snluimn mid ^tiM otl coindin 
111 i mnniur siniihr to nioiild luivi 

IJrefUd states tint inlcction tikes phcc h^ meins of Iht 
^irmiinlin^' conuUn Old) resting si>ores nn produced on the 
phut itself nnd tin sc rttniii then cipicit) for ^crminition 
for )cnrs 

TJst Rabetthorsttatia Kulm' (I s Amcnci) Thw is fomid 
on vnlKcnn 1* jMinii 1* tut aic md i' sftnfjninalr 

It destro)s dowers tirs iiid uppci pin of Inulms The spores 
ire brown nnd spin) the) ..ernmnte but do not produce 
conuhn 

Ust sphaerogena Durnll An Vuicricnn bpccies cnusing 
di-ati rtion of tlie spikelets of Ptnia n Cn ^ jnlli llic mnlformn 
tioiis resemble those, produced on the snue ho->t b) Tobjpo'^ponvm 
1 1 llatiim but differ m hiving n rough surfneo witli short rigid 
hiirs The spores nre free nnd germinite ensil) in water, 
producing proin)colin which gi\c ofl conidii Ihe conuhn 
Irequentl) spiout for n time m n )enst like niinner 
The follow Ilf. ire Vmeririn bptues 
Ust diplospora fl! et Ei On 1 mict » tatquinale 
Ust tnehophora Ik On /aniruri cofti »t 

Ust setartae Ilabli Oi I inicKii tan/niale prohibit i leiitical with 

l/M Jalenforgt tin 

Ust panici leucophaet Cref Oni’aii im / leiim in Ilio <le Janeiro 
Ust digitanae Kze occurs on the floweis of Panicnm 
(Dijitaua) snnjtinnlf P glchum ant P repots The spores 
lie smooth willed 


Kuhn Iltlctgia tS 6 
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SpoicH arc developed only in tlic inllorcscencc, vliidi 
m consequence fails to reach us full development as a panicle, 
and remains inoio or less spiVe-Uko and enclosed in a l^af- 
slieuth. The parts of the inllorcscence become comidetcly fdlcd 



Fill ItiO — C*ii/oijo tnlia Whejtsniut Tho central ear is norm'll 
hcaltby tile others are eiuutted and most of the spores are already shed 
(v Tubcuf phot ) 

With a sporogenous mycelium fiom which arise the spore-ruasses ; 
these are at first enclosed in whitish coverings consisting of 
tissues of the liost-plaat, but when mature they escape as a hlact 
dust or powder 




2^1 

riic «pon'* are iml ‘•jliennlcir '*•! 2;i 

a\n\ S.lOji Aeoiuhiii t<* \ 

j» t«o or t}in*e <h^ s »»> wil* r /iw) ftr<Klitrr rein «itlj /'lur 

or Ine cells, ilie cills iinj nilnr liinl out ihndU iiiil l>ec"nii 
li\plne, nr do m) after ptWhuiH fusion 

bpores phcetl m initriluu snlulions «;eriniinti m alxait ilirt* 
«hjs, and produce sc\ird strong Fcplnte proinjctln uttli spmdli- 
■-Inpcd conidn The conidii as a rule ^.'^rnmnlL chnctU into 
hruichin,' hjphie, fusion of conidia is not known, and «lcc)ndlr^ 
oindn arc onl\ rarelv fanned The hjplne hcconic 
111 their older pirts, and proilucc conidia in two wajs tir^tlj 
from Inphac in the* solution itself, <tcojulU from aerial h\]>hal 
III inches wluch rise out of tlie solution and j,m\i oil tonidia 
III 1 manner saimihr to inouhl fun^'t 

llrcfcld states that uilectnm takes plicc bj means of itu 
^germinatin'; conulia Onl) rt«lin^ sjiores an produced cm the 
plant Itself, and these retain then cipacit) for 
for }ears 

Ust Rabenhorstiana Kulin‘ (I b America) Ihis is found 
on PunicuHi mtlincci'/n P ^jlnhrvm, P iiuftiiC and P sanymnalc 
It destrojs flowers, ears, and iippi r pirt of haulms The spores 
are brown and spin) , the) germinate but do not produce* 
conidn 

Ust sphaerogena BurriU An American species causing 

distortion of the spikelets of Pitntaim Cnn ynllx The mairorma- 
tioiis resemble those produced on llie same host b) To/ifjwyxoi iinn 
bi'llalum, hut differ in having a rough surface with short ri^id 
hairs The spores are free and germinite easil) in water, 
producing prom)celia which gne off conidia Ihe conulia 
trequentl) spiout for a time in a jeast like manner 
Tlie follow 111^ are tmencan spcciea 
Ust diplospors £.11 «t E% On Pitmcitm taixjvinalc 
Ust tnchophora Lk On /'untcKni roftnHm 

Ust. setanae Itabli On Pitnicum tan lutnaU proUibl^ ideiitaal with 
OsC ltale 7 ifiorstinn't 

Use panici leucophaei Cref On i’anuum f«H oj/aeuniin Rio de Janeiro 
Ust digitanae Kze occurs on the dossers of Pnnionn 
{Di'jitaxin) smujinnak, P glahiim mul P repnis The spores 
aie smooth-walled 
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Ust panici-frumentacei is foimd on rnmcvm funncv' 

Uhcuvi, a cultuated Iliinalajan millet Onl) isohtcd grains 
m an tai are attacked, l»ecommg enlarged to tnico then 
iioriml si/e Germination of spores t ikes place sparingl} in 
i\ntei, but .iljundantl) in mitntnc solutions Tno celled proim- 
cclii arc produced bearing numerous spiouting conidia On 
e\baustion of nutrition, the conidia gi\e olf one or two filaments 
on the surface of tlie liquid, and from these other sprouting 
coiiidia aiise 

TJst. Cramen Korn eomplctclj Uestro>s the tnaries of Sit<x)V' 
itnhca, S xiudis, and S nmlngnu leaMUg onl\ the outer wall 
as an enclosure for the Rpore-i>owder llie spores arc brown, 
smooth-w<alled> and G-9 m bioad, 10-12iU long Tlie promicelia 
consist of four or fi\e cells, winch in water as well as niitntiie 
solutions grow out into long threads without producing conidia 

Ust neglecta Niessl fills with its black spore powder the 
o\anes of Sdaun glauca, S tcrtuillula and S luuh-, The 
colls of the proin}celium dc\ clop into a mjceliiun without pni- 
duction of conidia 

Ust Kolaczeku Kuliii Ou Sefanu qentnd tta m BeHm Botanic Garden 

Ust bromivora Fisch (lUitain and US America) This 
appears in flowers of species of Hiumus, so that the oaanes 
become filled with a dark -brown or bkick spore-powder, biu 
the glumes or he ids undeigo no deformation The spores are 
smooth, and ou germination in water produce onlj a spindle- 
shaped one celled (rarel) two-celled) prouij celvum , in nutntiae 
solutions, Brefeld found thej generallj produced two-celled 
proinjeeln, beaiing conidia from winch ire produced further 
promjcelia witli conidia, yeast like colonies are ne\er formed 

Ust ischaemi Fuck attacks AndngiOgon Ischacmxnn The 
inflorescences remain almost completely enclosed m the upper 
most leaf sheath, and are destroyed except their axes The 
spores are brown and smooth-walled Brefeld states that m 
nutritive solutions they produce couidia which remain adherent 
to the promjcelmin and grow out into long h}phae without 
coalescing 

Ust andropogoms tuberculati Bief ou Andrepogou tubercvlaUim from 
Simli 

Ust andropogoms annulati Bref on Andropogon annulatinn from Culciitta 
'BrefeU, ’ie? tmmetpU f Heft xii , 1803 
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Ust. g^andis rnc« (Hntini ) Tiii'< fn'putito tin 

Inulm^ ol I'hi'iiqmxfrs rei»imH}iM {il«o Tx/phn htfifilm ninl T 
viinnr), llio intorno<Ios of the liost jii cfiii'^t.sjticnce •nit 

.\nci npimr «« if llio «tcm cnmeil one or nuTe Imlrit-li-ln nl® 
The mjccluun iHiiucitcs llie whole ho^t-lis^iie nml jiriHliKc' 
«l*orC', which t'c.ipo .is n hlick dust on rupture «'f tin. epnitnin® 
Accordiu" to Kuhn, the sjwres nre cipshle of ituiiiodnt** ^cr 
imintion and ri*tsm thiir Mlahtj for a whole \t ir A 
four-ctllcd prouijceluiui is jmxhicid and hccoines dclicliKl from 
the spore, then follows an nhjuiiction of nhlouj' cniiuln from 
the septa of the proiii) ccliuin In niitntue sohitmus, Itrifeld 
found tint jicrniiintion took place in the «auie wa\, hut more 
npidl} and Mgorousl} Xnmorous conuha aie produced, hut 
these onlj rarelj gne off secondar) conidn, ainl then onlj a 
single one more coimnoid) the) pro<\ncc promjecha, us the 
spores did, and conidta again ari«c from thc«c, jcastdikc 
sprouting does not occur The rcsiing spores nmj contiinu 
to gne off prom} coha in succession for some time On o\- 
hmstion of nutrition the cells of the jiromjceliuni, a-> well 
ns the conuh.1, dc\clop into mjcchal ilireads, to which alone 
lirefeld ascribes the capacitj for infection 

Ust. longdssuna tbow ) (Itritain and V b America) This 
forms elongated brown spore*patchcs on the lea\cs of \arious 
Species of Glycerin Urefeld states that the smootli spherical 
spores germinate in water, and gi\e off a short unicellulii 
promycelium which undergoes no further development In 
nutritive solutions the spores germinate in like nnnner, but 
the promycelium becomes thread-like and septate, and gives 
off conidia laterallj , new promjcelia continue to be given 
off from a cell which remains behind inside the spore, and the 
conidia ultimately develop into hyphae 

Ust hypodytes (Schlecht) This species forms dark smutt} 
coatings on haulms and leaf-sheaths of Glycerin Jluitans, Dqi 
Inchnis fusca, Agropyrum repens, Calamagrosti's cpigra, P^mma 
orennria, Stipa pennata and S capillari% Broinus erectnt, Ti iticvm 
npnuf and T tulgare, Elymns arenarivs, Pamcinn rrpicns, Plnaq- 
mitri communis, Arundinana, etc The spores are blown, 
smooth-walled, and irregularly spliencal or quadrangular, they 
germinate m water or nutntive solutions, producing mycelia 
direct, without previous formation of conidia 
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Ust. fns”- Cl K li t* ivj^rt«I m I •» ilr ■ » ' !ir / at 1 t t 

It Jf ,Ur I 

U*t- ed'iruU j r»»l <• *n'U»*ri{M <n rf /V't'/ . 

f. 0 ^ A»-r) 

Ust- cyroiosUi If»-i t <>i « /fiy-t h frrj, •'imIa. 

U#t. an.Tdi“^!Ia^ I f»-^ ^in Ir » ln»fl i r -ar < al ti'ta 

Uet. fl'u'iidae-cyis’ha^ Iff iht \rtt\ la f-i i if t ft’ti Hit 

Ust. CC C.S Iff Ofj ! r t irr > f ff • i ••jf ’t 

Ust. esm'-KU ‘ «n tUf rr-ati u t f [In r { /i t 1 1 I j’if I t 
ti( T< t i’Jiii an I .Ia|rfiri Tli*- i]-f nt fnn-i ar^- •-at»-ti, vhil^ tl»- t>-* 
■if u f r dwf _ f f I air at I ►v. I r a. a« a, jt, tf t jsutjf- t> r- 
• f 1 %ari l»Ij 

Us*. paspaLs dilaWU On / tfft! » hUltt • 

TJat olivacea \) C ficqmfiu , of f rirrj- tI>» olnt- 
browi “j/orf tin !ijiv ,ri ! tU.<% from the 

ot tn TIk ‘■|Kjr( to hrtfilfl it( pro^luc^'l frotn 

hjphnr «lii h Uerttn* ihi4oiwl it tnt»r'il« ind hroWn 
up lit rrO'k'ptd mto f-^riiotis «■< to ilu futuri 

• Thf li^pfn' liott\*r ir« ti< t <ompltttl) pten up to 

formition i»tit [nrt** imhiiii in<I form fm» filarmnt® which 
thi fifre; ipjM tnu'< to ih' mjtur"] o\Tnt^* fJertonn 
tion 111 \ itf r Ti ‘lilts ill ih< foriimi< n of t ‘‘iti.tlf cotiiihuin t 

-ooml nrd) fonm*L In nntmixe solution- ‘•unihr 

foniilii ift itiAu<f<l Oh* ift/r an ihcr ‘•ucc«*‘ ixth, and ‘protit 
off roiiidn m i jea^MiW iinnm r \ uh. in thf fWution of pro 
mjftln On f^ulurt of nuininoii hsplnt arc finallv protluccl 
Ust Vmjkti Oud-m ti IVstrf The oxin-'^'of 

rnvq,f^irix iMfoiiif with ^jKin-s .-omf colourlos 'oni. 

li^lit hroxxn The f'pon s pmiinatf m wiler pxino four ctllwl 
promjcflu with ovoid conidn v huh do not however, crnlt~t> 
or dfVflop fiirtlur. even in tiutmivr solution- 

Ust, capensu IS»-.h In frrnt of Jnr ^ 

Ust. laznlae ‘•a -< In frmt <f // ,/t 

Ust scahioaae >' /-ssrufori'm Tulj fllntnni) Tin 

anth.n of Knnvtut aiul Sr^hioio attachid h; this funpis he-coiii. 
fillfd with a fie'*!! coloured to violet hj^re f^wder, and swell 
to hltlc -ac« Ihe flowers otlienvi^f are hut little altercl 
I>ref» Id founil that fijiorcs from Knniftiti nrtcnAi-'i fjorminat* 
ensilv and ahimd'intlj ui water, ind produce prornvccln con 

*1' Hrtiriin/ii, llfitr.jfi ]sV,, / ian,>-al Mani if, 1*^9' 

Fn''}»Tr VValUeirn pi Znimj 1*^7 
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of three or four celN witli coni In nml ‘•njii'tuiHH 
s^t.-coixt,\-\rv counU'X. Co-v\c‘^ccucc of cotuUn tin\ t'lVe v^-\rf oti I 
thcre'ificr I'rothiciion of little imcclnl thi\i(1« In nntntiM 
‘oltuion*' tNcntlnnp j'rocccl' more luxunitUlj mul comdn nn 
]'r(xhicc<l m Hr^e nmnlHr«, i1h> nrc c-ntU Oclnchcil nrnl '•pri'iit 



5 east like, till on deficienc) of nutrition fusion and subsequent 
germination takes place 

TJst intermedia Schroet {V^ jIosa>hrum DC) (Britain) 
Ihe anthers of Scahiosa Goiunibana become filled \Mth the dark 
Molet spores of tins smut The spores germinate in water 
and, according to Brefeld, produce three celled prom}celia with 
few conidia , some of thc=e as well as the cells of the pronu- 
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coin, 'in) tIe\olop to in}cclm, coilescenct* of conitln n unknown 
In nutntiie ‘solutions conulia arc foTintd in hrgc nimibers, ami 
multiply jenst-like till nutriment fails 

Ust. succisae Jlagn* fic«juciits the anthers of Scalw^n Sifcn^n, 
iind forms jnire white spores, easily distinguished from tho«e 
of tUc two preceding species Hie anthers appear to he thicklj 
colored with glass) granules The si>oios produce four-c<lU*<l 
piom)cclui from which comdui are formed (llritam) 

Ust tragopogoms (I’ers ) (Britain) 
^ This lungiis forms its spores in llowers 
of species of Ti(tgo]iofjon, ixw\ in inanj 
localities has a wide distribution 
The deiclopiiient of the llower i^ 
retarded, so that it retains externall) 
the appearance of u llowci-biid en- 
closed m us hiacts (Tig IGl) The 
dark brown or \iolot sporc> escape 
^ through intonals between the bracts, 

FlQ 103— talflJJO «ro?ar03O«M » ’ 

oeTciornicnt oi fporca gucce*^^© they arc 13-17 m long, lO-lfiiU broad, 

MigeB ol derelopinent lit order of - , 

thoiettcr* a Spowirgoouj braaeii with rcticidatc markings on their 

juBt arrewlnj on tlio eurfico of » 

joung^coTo^u of^^r<-a«^jvon^pm^ coats The) casil\ produce in water 
ofbranehictj (.aniftf porinwionof four or h\e ccllod promrcoln from 

spores from the mycelium ti Spore I •' 

clwmpjNlthBeeeral ripe srore^ the which COllldltl are gl\ OH oll, oftCU 
episporium of which te coloured e * 

dtrkrioiet »nd thicVcMd In ft followcd bi' coalcsceiice Innutntiie 

retlewbto manner (x 800) (After ,, .v w 

DeBuf) solutions development is much more 

Mgorous, seeondaij comdm maj he 
produced, and coalescence nlwa)s takes place 

Ust scorzonerae (Alb et bchwem) is at hrst sight aery 
similar to Usi fragopogonts Its spores are found in flowers 
of Scoi:oncra humiha, Sc puipurca, and cultivated species, eg 
Sc hxspamca, while its ni}cehum hibernates m the perennial 
root-stocks of these Tlie spores are produced rapidly and 
in large numbers, they germinate easil) m water, forming a 
four-celled prom)cehum, and thereafter comdia which do not 
pair. 

Ust cardui Fisch v Waldh (Britain) This is the cause 
of a stunting of the flower-heads of Caidiius acanthouJes, G 
nutans, and Silgbnm JlTarianinn, while at the same time they 
liecome filled with n brownish-violet spore-powder Tlie spores 
’ Magnus, /fedin /la 1875 




»re nl> 'Ul 20n iti »lnui*l<r, ml fnnn tii wnlir j'rnin\(.« In with 
connln In iniinUM solnumn fnninl <oniiln 

m hr>;«’ nnnil cr-* am\ lunliipU ii^ li\ }ci«t-lin<lilin^' Tlic 
I'roniNcilnl cell"* out n** Imnchnl fnnn 

\\Inc!i cmndii nro i!>j'nnt««l tnu! i ft<r ‘•nn^ in pnr« I'nxluct* 
Hlhii luK'« 

Ust Violacca (Tor*)' CSmilion-Mmit (Ilnltm niul 1* 

Anicncn) In Sil<i>r, Di'iiithv*, .'^fi-Hnna 

Molnrlmnn, Cri-nKfutti}, nnil L>/ hnt<, Uic |)ollin sicx ot ollitr 
wi'e \\cll-<lt \clnpc*l llowcrx Ucoiue fillcil with «1 irkmnlet 
‘•poro's, which tiicipc ninl the otiitr tloml pirt** 

ri«lilhlG llowcrs of lythitK atlickod hj thn fiin^nts de'clup 
•^t'lincns coiUiimna the •>imu*‘«ix»n'S (p 27) On ^LrminiliDn 
m water, piumjccln of time or four cells are fonncti nii'l 
hecomo lUtaclicil from the ‘•porex I’ninarj ami esen «ccomhr) 
couuln nre proihicnl, while cotlo'-cciicc of pronijcclnl cells anti 
couidn IS common, hut onlj a few of them piotlucc gcrni' 
tnhcs In muntne solution acconhng to Ilrtfehl o%er}tlnng 
proceeds mwcU more wgotowslN from tiuj coimliophorts on tlie 
promjceln numerous conuin aie protlucctl m succession, and 
from these otlur couidm arc hiuldcd t.(l hkt jeast-cells till 
nutriment fails, when ihcj grow out to form hjplne The 
conidn are longer than those formed in the water cultures 
and coalesce in pairs to giie rise to longei and stronger 
germ tubes 

Ust holostci I)e Bart on 1/ (o^teun umbfllaiuit The liuit ot arie'« 
hecome tilled with sporet whitli germunte to four celled juomjceh i from 
which iHinng sporulia ire fonuetl 

Ust Dunaeana Tul la the oNar> of CerutOitm 

Ust major Schroet On Sile»« Oltlts Tlie sjxire'^ gerininatt oiih in 
imtritne solution* (Bnfun ) 

Ust seminum Jiiel lu the oinles of Aralts pttniea in ScindiiiiM-i 
The spores on gerniinntion pioduce aiinple lijphae 

Ust entorrhiza Schroet In root cells of Aitnii latinim 
Ust pingUicolae I’ostr On inlyatisin Dennurk 
According to Brcfeld, the spores genumate equallj in water or 
nutntne solutions, forming three-celled promjeeha which «epaiatc 
from the spore and bud off conidia from eicli cell 

* Tiilasne, .1' n d «ri«iice» wotur , iii.aol Ml 1847 

Atkinson t tmfrrrari Corii'jOon Sofifti; 1893) dcscnlies tins and other smuts 
fre<iuentuig Amenenn Carnations (F lit ) 
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Ust betonicae Kock * ft curs in the anther? of J!>(on\cn 
Alopcnirut Its ‘ii>ores arc wrgcr tinn those of U-it xxolacen, 
iind hino lar<'er-nie‘*h(‘(l rLtulRlations on the HiK)ie-coit The 
spores j'oiimimlo in filter, anJkft^ « nilc produce n tlircc-celhd 
pioinjceluiiu from which conu^a are ahjomted These nt once, 
ov lifter pioductum of comdia, tJilc‘*ce in pairs and j'lic ofi perm* 
tubes In milntnc solutions fconniimtion takes place much 
more \iporousl}, numerous coniCia arc fonned ami continue to 
hud oil new conulm till the liiitnincnt is cxlniisted, when 
coali.s(,once of conidia and deielojfintnt of h^pliao takes place 
Ust bistortarum I) C frtefu-nts leaics of Pohjijonum and 
Rumii (Ilntain and US Annlica) Jhcfeld states that the 
sports aiu dark-red and poni'inatt to four-celled promjceln, 
fiom which comdia aie produced and readil} coalesce, especidl) 
m presence of ahuudant nutii/iunt 

Ust marginalis (Tk ) on Jw/'/onam Ihstorin The sporc*ina«scs 
uic dark-Molet. and occur clnell} on the margins of the leaics 
The spoies gorminato in wa/er and produce a four-celled prom}* 
colium with o\al coiudia, which <h> not sprout, but cither pair 
or grow nut ns hjphiic 

Ust anomala Kiuizf 0 iUa\e3Awdmo%anc8oC /'i>t_»/f7oni(ni(U S America) 
Ust utficulosa (Neej) In oxaries iml antlurn of Poli/gomm The 
puMsli % loltt spot I. -4, Bfcftid sajH, gtnuiintc during tlio follow inp smiinier, 
iiiid giu otr font celled pronivceln with loiiidia wliuli do not coale'Ce a> 
p'lii'" lliitain iiid U S Aiiuma) 

Ust Parlatorei ^l^tll On twigi nml leaxex of Rnmci and R 

ohtn$>foh K« 

Ust Kuhneana olf Inhabits ill pirts of Uumci .1cc/(xm and 11 .lcW<’ 
sella (IJntnui) 

Uft Goeppertiana ScliiocL On linmev loc/owi, cspeciilh in leiies sud 
kif petioles The sports g«nmnatc Jii water oi mitntut solution The 
pTomjciluim IS nnictUTilar and reiinms inside tla sjiore, gi\ iiig oft a single 
comduiiii, w Inch for a tinu buds off other coiudi i ( U%t olu acca a'oiie beliai t s 
in tins >an\(i w-vj ). 

Ust Mollen lirtf On Polygonum hupidum 
Ust Koordersiana Bref On /’of^^onuia firrr&arioa in Jnia 
Ust domestica Href On /firmer rfomet/iciw m Norw si 
Ust vinosa(Ikrk) On fruits of Oiyna (Britain and XT S America) Tlie 
Hpnies gtnniinU m watei or nutntne holiitions, and produce a four celled 
proin^celium fioin winch comdia are giicn off, especnlli in iiutntiM 
pohitions , theconulia ultimately produce germ tiiKs 

^ Zoolof lotan ^ icnn i, ISSO 
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Ust. Vaillanlil Tnl’ «]»)•« in t1#r ntilliop* nii'J tn of 
(uiffa, Sc\Un, yi\ivnr\, etc. Tin |*«n»nllj f'f ch«ntoil llnwcr^ 
unnni's, l>nl i** enl'iT”«'»l Tin o\anr“« nud ntitlicrn 

Income fillcil with ‘jtiinn; the latter or/iim nre. howe'er, full' 
ilr\eloj>(.Hl am*. xn\\ c\eii conl.am jxilh ii-ftnins mixe<1 with 
Aecnrihii" to Vircfihl, the *:en»iinle nntlj in water and iti 

muntuc solution A j*n>mjcch«iii formttl which after (htach 
ment from the *jK>re, lacmnes ihrte-celleil and dc'ihijin r<inidn 
Tlu'-e “proul for some tune, llnii |«ro<lucc time-celled j)rom'ct.ln 
Ust orntthogaJj (Vliin tt K7«)f<nii« 1 « af !•»» tlin.r* on OrjurAcv; ninl 

6 * iqrit 

Ust tulipae (IK lift ) {irodiKaa « ti (l>< li axin < f llit 

Ust ptumbea lto»ir fx-cunx <m l« ax« •• of .Ino i w irulutum in IK iiinark 
Ust ficuum Itcifli In iln fniilx of hcii» < iiMoa in A»ia Minor 
Ust Tr&buti&na Sacc In btrruH of /Vooroni />/if o in Algirn 

Ust Vneseana Vmll* In the Iloianic Oanlen at Amsttr 
<Um tiie roots <if '-e'eral s|»ccus «>f cshibitcd woodj 

tumours from whtth procudod outj'rowth'x rcx-cmblni" “ wilcbis 
broom*” The*o conlamed tin. mxcelium of an wlntli 

pTodneed «porcs in the corticil tissues 
Ust (') adox&e Href On K/om nto« A m cx]U of tin. Kiibti.rraiieau 

htem The spores pnxluceil oiilx simple filamentH xxitliout connlta 
Ust La^erheimii llief On /fwi/ie i from Quito 
Ust Schweinfurthiana ThUiw On Imperata c^lnidniii from Cairo 
Ust boutelouae humihs Href On Soulefauft immilit from Quito 
Ust Ulci llenn On Cfitorit 

Ust spinificis Lxulxx On 5/)ini/Vj-/«ir»nf« from Adelaide, Australia 
Ust Treubii holms* Tins Ja'anese funyus and the galls 
produced b) it desene a somewhat lengthened notice on account 
ot their general biological interest It causes a hjpertrophy on 
Pobjfjonum ch.incn'u- in Jn\a, which further exempliGes the 
phenomena, alteadj noticed m connecUow \?ttb CncDina tfr/onnans 
on Thvjoims (p 30) 

The stems at attacked places show strong hjportroplij and 
great change m their anatomical structure Solms designates 
the thickenings, m common witli those caused by C'lfvvo' 

*TuUsnc,Ann d «ci«iice iiaOcr , Ser in , Vol x II , 1847, with plates of J/a«<-nn 
Worth 0 Smith (GarJ<nrr« CAroui f« , 1834, p 4G31, gixes a figure 
and note on occurrence of tins smut in Britain (h ilit ) 

^Viullemin, Compt rend, 18JM 

*‘5olnis, .liinaf dii jardm tofan de ButlenMtv, ' oL M , 1SSCS7, p 70 
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,l./on,wm „nil "'Cgctltue cankcr- 

K.lh' Oil tlio-e places ''"“k oiit^ToiMli-, 

consisting of an inenihr l"*' loiigitiidiiialli 

furrow I (1, aiul e\piiulecl at mto a broadened 

head containin'' the 

^iiouths “fruiting "alls,”* ami*® describes them as follow^ 

‘ if one of tlie<5e protuberances ' deposit will 

be found as a ilatteued \iolet CNtending to the margins 
of tlie head and roofed in b\ 

last becomes ruptured, shri\e’‘^’ brown The \iolet 

spoies are thus set free alon ' wooll} capillitium 

tissue, which apparently facihf*®^ distribution of the spores 
b} rendering them difllcult • ***^*stcn, a contingency aen 
likely to happen m the Iieaay 'Ta\a, and ivitli 
the result that germination occur before the spores had 
time to be transported to a After shedding of the 

spores, the succulent stalk -•••'‘•"s The fruit-galls consist of 
a hypertroplued tissue dc\f®P’-^ cambium, they first 

emerge ns roundisli naked protuberances, covered eatemnllr hy 
i smooth epidermis, and containing a menstem from which 
fibrovnscular bundles developed The galls are composed 
of a homogenous parqdchyma of largo tliin-w ailed cells, elongated 
the direction of and containing 

Hrge cell-nuclei Tlie epidermis consists of little, polygonal, 
nucleated cells, and is pierced by a few stomata The galls 
are internally permeated by a number of irregularly arranged 
fibiovascular bundles which show a slightly developed wood 
and bast region As the anterior end of the fruit gall elongates, 
the bundles keep pace by icpeated forkings and form a 
system of branches diverging at very acute angles and ter- 
minating a short distance from the surface of the "all The 
violet-brown sporogenous layer is situated just at the termination 
of the bundles, and is covered by a slight layer of parenchyma 
under the epidermis The sporogenous layer appears as if 
composed ot columns arranged beside one another m a palisade 
manner, and connected above and below with the enclosing 
tissues At the margins of a section the columns easily separate, 
and will be seen to consist ot a cential strand of elongated 
cylindrical cells filled with a reddish gum-hke mass Tlie cells 
’Fnichtfetllen 
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belong to llt( «l till I iitiil !l^^ fnrm ^uiiplc 

fihimnt'' oi ‘•cMnl «uch iin\ licoiiu Ixtiml to-j.ctlur 

li} litcnl c'ontirctinn«i Uicli flninl iKCtmic* lo 

«|vircH of the iVi/rtp winch nre •'Cl free on nij'lnrc (f tin 
fnnl whiU the c*ll MriniN lih nil) l*omHl t(» cieh otln r 
■xrc lo.i'-cnetl fn in the «nrro«inhii^ ti^'uc ni tin enjillitmm 
The spore* j;cnnin'ito in water iirtuhicin^ short ntneillnlir 
jromjceln nn*\ fiirl\ hr^.* connln ^^hlch cnilcse* hefort the\ 
f,crniuntc The nucelimii is ctiintud lo n snnll jurt tf tin 
stem twu« or inlloreseenccs <»f the host ]>hnt llie Inpor 
trophicd ptrls of the stem eonniii nl nonml ‘!])oiig.) woimI 
which otsiK ilecotn]>o cs ami hnti^s nlKmt the death of the 
galls along with pirta of the stem situated Icsond lliein or 
e\en the whole plant The normal production of cainhmm is 
completeh destrojed lu the galls llie pith and pninarj nml 
howeser remain vmitillucnccd Tlic caiuhuini proilncis both 
outwanls and inwards such a mass of ihni walled pircnclnnu 
tint the normal bast is forced asunder and dnarran^jCd In 
this was rupture of the sclercnch}nn h)cr ensues wherobj the 
prnmr} rmd is dostrojed and the ahnonml tisaiu formed bi 
the cambium emeiges to \iew It is fioiu such places tint 
the cNcreeccnces described ha\e their oiigui 

It will be seen we ha\c here the paitnors of a sjmbiosis 
becoming so adapted to each other that the host plant produces 
a special tissue for the distribution of the spores This case 
goes further than most of those alteadj mentioned m § 5 
but the bushes produced b) Cacoma defoimnm for the formation 
of Its spores are again a distinct nd\ance on the fruit galls 
of this Ustila JO 


Cmtractia 

bpore masses de%cloped inside a stroma and passin^ outwards 
so that the mature blach spores lie frcelj exposed 

Magnus' has recenth sejiarated b$Ulcigo cancta and U tthinclma 
Korn and j Hce 1 them under this genus because tt eir spores are tlovelope 1 
only in the epidermal cells of the host oaar\ 

Cmtractia cancis (I’ers)' (lint am and US America) Tlio 

'Cornu 1 ino^ d sc\tj ((» natvr si ^ol x\ 1881 Thte \t 

Magnus Jiotan 1 <ret i d Prot Brai len’ ij xxxmi llrefel 1 ^chintnflpx/ 
Heft XII 189o 
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injcchmn forms a fitroiin on tlic o\nr)-\\nlI, there the 
spores ori^'iimto ami jjjss out to the pcnj)lier} as tlio} altiin 
mntiintj llie spores arlhere in hhek 
jimsses, nml "inminto in water in tlie 
follnwtii^ spriiu' A jiroin^celium is pro 
(hiced, and on enu r„'in„' into the air 
heconiLS diMdcd h) means of a cross 
septum towards its apex , from both 
cells so funned conidia aie dc\cloped 
and niott out int») ^erm*tuhcs without 
preMoiis sprouting This species occurs 
on mail} species of Curcj, and the 
m}cclmm pertnnates in the rhi/omcs 
The s|H»rcs \ ir} soniewliat on the 
difleniit hosts 

C submclusa (Korn ) (I’ fe America) 
The s|K»ii', form toal-Mack massts in the 
ovaries of man} ^j)lcic 3 of Ctuct Thev 
develop <»n u siionm from within out* 
wards md ui< more easil} dotaclied tliaii 
those of (' ifTricit, tlieir coat-m irking*' 

^ also take tin form f>f thicker and shorter 

Two virie* I ive itoiVnhc *1 pioccsses On gci inumtioii in Wltll 

1 y 1 1 »ck * 1 1 orla 1/ 11 K i« fnilti /.i», _ . i i i 

nil i^nhtei nooiii tfiifiKiiir alter a icsting period, the snores produeo 

vnry fn *1 'nn (ii l i>fUidlti«l . n » , ^ , t 

u croin Mctioi. (v lubu f ivvociucil proiiivcclia froTii the apical 
cell of which an ovoid conidmm is 
alijointed while from the l«*wcr cell a lateral conidiophore is 
])ioduced Numerous comdm me gi\en off from holh cells and 
glow out without previous sproniing 

C (?) »or(jli{l ndol/ilaym toi 7 /i)tjor Hu ni}CLlunn tliM lopca tla 
Sorghuii leinmni, and liIU it with lilick Ajiorc nnaaos It Ins onl} bem 
observe 1 in Asm, 

Otiitr Hpecua of CinlracUa «Hx.iir « iitsnk of Fiirojic, but art of n> 
|)iuctml importmu 



Sphocclotheca 

Iho Hporocarp is sharp!} defined, and consists of a columella 
lound which the loose mass of spores is disposed, tlic whole being 
enclosed in a covering foiined b} non sporogonous hyphne 
Sphacelotheca hydropipens (Sclmm) J)o Bar} describes 



*■1 in* ruiTin < \ 




llll« flliuil- f.'ll'W ' ■fp'ni,llU^< 11- ClHl-'lincI 

f|«)n'|.lion! m 11 k niil' ' f it> Ik'*'- "‘lifn lli- mule i> n'Tiinllj 
enil Wl\ in tlie tlrni. r, llie inmiU, nlilcli 

nlm;< ptmi" tliimvli tin llmicr-'nll. into tlie I'lire of lim rlimi 
of Itlc onn, •■(liil> ll' hjl'lne from tin- filllleillii'. into tin oMiIe, 
Mliiro Hill" no. hijlnr mi.l lii^lnr nml •iirn.iilnl nml l-iotmle 


U« to mch nil r\t* ut 

nlnKi<.i ciitircl\ it mi'l 

thus fij) oAdJll fnii^us.lKxlx of 
«lcns,lj niltn'fiNcn lixjihn' inhis 
iho ]*h(i- of llto o\ulc 11 m* 

iiiicrojol ir cntl cif llu* into^u* 
incnls aloiio ivcnjics tin* ihaii.:c. 
niul ruinins a*' n romril ti|» 
(Fij 1G4 C) on the njK \ of tin* 
fun^us'both nnd pndmUv tiirii^ 
brown and drK« np 1h< f«ii4“''* 
Itodj IS at 1ir*t cohmrloss nnd 
nnifonnlt comiviscd of mucli* 
bnticlicfi hjphie, wliitb arc 
"o\en to"Llhcr into a compact 
iin^s and baNo the ftclatmous 
"alls of the ‘nniple sporoplmro of 
U$lilago to be dt‘‘Cribcd 
If It Ills retained its o\oid 



form as it f-te'adil) increased 
>n loluine, dillerenliation bt^ns 
lirfft in the njnc-il rCj'ion into «i 
conjparalu elj thick outer wall 

'Vllleh is closed all round, an •l,ad«d Uy longn wm “‘nkther cxplatia 
•axile columnar c3l1ndr1c.1l or ‘the'tcxi (Migiaiy unfnifle^) 

cluh shaped bodj,the coluinella, '*s “'t > 

both parts remaining colourless, nnd a dense spore-mass which 
fills the space between the two and becomes of a dark Molet 
colour (Fig 1 G 4 C, D) The lower part which corresponds to 
the funiculus and chalaza of the ovule remains undifferentiated, 
and an abundant formation of new lijphae is constant!} taking 
place m it This new iormation is so added from below to 
tl,e din-crenlnted portion, thot the htter consttntlj increases 
‘ I), tury, <■«' ’’ 
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in \\ithout becoming inutLiiulh broukr, and innuit'aiis 

therefore the form of a c}Iiiultr pointed at llie upper end 
■\Vlicrc the parts below appioicli the ^sall, colunielln, and spoie- 
nns«, the} assume their structure and colour In other word«, 
each of the three portions grows from its bi^e ly addition of 
new tissue eleinents, which arc coiistanll} being produced and 
pushed onwaids from a basal foiiintuc ti^’SUi, and are difltrcn- 
tmted and assume their ultmi ite form in the order in which 
thej aie produced (Kig 1C4, G and D') The de\elopiiK-iit 
ami matuie structuio of the sporc-iin‘5s are the ‘«ame ns those 
of Ubtihgo, which will he de'^cribed ])reseiith Ihe wall ui 
Us fully de\ eloped stale is a thick coat foimcd of unu} irregular 
lasers of small round colls not leri firmh muted together 
These cells aio formed in the sane waj ns the spores from 
the hjphae of the pnmai) tissue, and are of about the same 
size as the spores with a delicate colourless menibratie, end 
foi the moat part with water) hj aline contents The columella 
has the structure of the wall, but it usualh incloses in its ti''sue 
evident browmish fragments of the tissue of the oiulc, mid 
consists at its upjiertnost extrennt) of much larger, firmer 
hj aline cells, the origin of which I ini unable to e\plnin I 
ma} also obseiie that the upper extremity in }oung specimens 
always ends blind!) in tlie spoicmass (C). ^ut in some older 
ones reaches to the apical portion of the wall and passes into 
it {D), It is still uncertain whether tins is a difleieiice in the 
indnidual plants or a dilTerence ol age 

‘ The spore receptacle which has now been described is formed 
onl) from the o\ule The periantli and stamens of the flower 
continue in their normal state The wall of the o\ary and the 
st) le are also not attacked bj the fungus , thej do not follow the 
growth of the spore-receptacle, and as Ibis ^advances the Jateial 
wall IS distended and at length bursts transversel) , the style 
with the upper portion of the wall dries up into a small point 
at the apex of the receptacle, which \s borne b) the latter as 
it grows out of the penanth (A) The wall of the spore- 
receptacle, especnll) where it is covered above by the withered 
remains of the wall of the ovarj, is leiy fragile, and teais 
asunder at the slightest touch to discharge the spores (i>) ” 

The dark -violet spores have a finel) -warted cxosporc 
According to Brefeld, they germinate in water after a resting 
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\M nrvl, nnd jirrxliict? tlin » nllril { nitn}c« li\ unli < ]• tv tttti 1 
omidn ^^hlch ‘‘prmit ni'lilimirh Iti ntitnu\i ^ two 

nr thm jtroinjccli'^ inn\ U* pnxIiaoO 

Schizoncl!a ’ 

The ‘ijKtrcs nre in «irn‘« 'ii tin ri itrinliictuc IivjOnt 

At fir-t ri.'<l b\ imin" tif n rn««‘-Lj»tmn lli(\ htnr 

<cinrile into two jonml n 11 h iihI ftrm twin •spores i ic!i 

Inlf fitnuinitis lil,( nn ‘si"»tx 

Schizonella melanoBramma (I> ( ) d AimncT) V 
«jHCie'j fouml on lc\\C'< of \>muH ‘spocHs of I'lni Ilic sjxirt's 
wlicn nntun. escape !•> short li«MirLS tn 
the upper epulcrnns *)f tin ho-'t tin s 
sre hHck 'iml toupkil in pur-, h) n sluirl 
conm.ttion lliej Ar«ia‘Uc m w-itci 
and produce *1 pronncdium of ihrct oi 
four cells from which coimln aic „'i\tn 
off In nutruuc eoluiton the pronns.clm 
produce conuln winch fill ofl 'ind sprout 
jeist like for a tunc 

Tolyposponum 

The sporogenous h) pine form taivlcil 
iinssps, nnd produce their spores firml> 
bound together in bills The singh 
spores are large «omewlnt anguhr or 
sphencil and each germinates like u b,«re}'t. 
spore of U^ilitgo “n, rpn" 

Tolysponum junci (‘H.hroel ) cui«es fihV? 
the formation of gall like outgrowths on 

the oMriea tlower stalks and haulms of Jnncin biijvniU', and 
J ccipitatus In thc-jc the s}K>rcs are dcaeloped and escipe as 
siKJte bills The spo7c«« afici a prolonged rest germinate in 
isater and produce four celled proinjcelia from which oioid or 
spindk shapctl comdia arc gnen off In nutntiio solutions man) 
of the cells m each spore hill germinate nnd produce promjcelia 
at first four celled later further dmded b} new septa, the 
conidia sprout nnd grow on till thei reach the air where aerial 
connha are formed 

'^chroefer ISiotoQtt d PJla IH il 187" 
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T bullatum Mirnct (US Americi) llie o\'iihs of PfnurjHf 
Ciii'tqalli irc linn^foimcd b\ this fungus into splicrical tumour 
lIl^t bodies Mhich project from the othenM^o nnclnnscd flo^^cr 
aiul enclose the blick Rpore masses The sixire-b ills consist of 
hundreds of spoies \%liich lirefcld sa\s, gcnuiintc in \\'itor in 
the following jtir lath produces one tuo or three t^^o 
celled promjcclm, ^\hlch guc oil tenniml spmdic shaped conidia 
tliesc sprout in nutritnc solutions and nltinnteU foiin ncrnl 
conidn 

T Cocconii Mor In of { trt' reair t in \orth ItiU 

T penicillariae llrtf On /*entct(l tni tpicai i from Siinh 
T cenchn Iluf On (< r/r»* e /» lO# 

Tilletia 

bpoics formed fiom iijphie which swill up m a gelntinoiw 
manner Conidn spindle sh ipcil or hhmentous and produced 
m whorls from the cxtroinit) of i nonsiptale pronn celuim , 
the) aie dcxcloped onlj in air and gt-nonll^ fuse m pairs 
befoio being detached troin the promjeehum 

Tilletia tntici (Hjerk) (7* n i Tnl ) (Britain and U®' 
America) Smut stink brand or stinking smut of wlicat 
This constitutes one of the most desimctuc smuts ot wlieit 
gram not onlj destiojing the grams actmlh attacked, hut the 
black spores cause such damage to the remainder, when threshed 
or ground that it is useless for bread making The presence 
of this fungus IS most obnoMous from its strong odour of henmg 
brine or trimctlijlaium hence the name stinking smut oi stink 
brand The smut also possesses poi;>onous properties which mal e 
flour contaminated with it dangerous to human beings and the 
straw or chaff injurious to cattle 

Certain (li«nses are prodwceil ii ainnals the coiiauniption of snii't 
fun,,! with fool The effects of each species of smut ha^e not as 'Ct been 
closeh nuestigated but TtUelia tnt a seenis to be one of the chief cause-* 
of tiouble The folloung are also susp cious Uatilaffo najdts and tie 
various species of UnUlago wliicli attack oats bailcN, wl eat and gras e-* 
The ajniptonis in the fe« c.ises of lisease ob eived do not agree aei' 
closch A panhzing effect on the centres of deglutition aid the spii al 
c rl seems to bt regilarly present As a lesult one ..eneralb 
continuous cKwing movement of tic jaws and a flow «f saliva al o 
lameness sta gtnng and fall iig Cattle slieep swine ai 1 hoises are afl 
liable to ittatk 
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Ihc bhcK 'Spore powfltr »s nn i mI Uin^ jn i'-'* 

in l\ie o\irics of the lio-si winch nrt tomplthli th‘»lro%(.(l «xupt 
the outer co\t<! As n rule «*\cr> j^nin m nn i ir ih nttncKul 
The smut is fit tirst oil) or {irons), Imt <in<linll) «Irus up to 
form n hnnl stou) nnss mclostd in the fnul'ilnims and 



cated buck The taoUted aplke 
let conUtna two araut gntna 
nlich aa well aa the isolitcd 
eTinile* show fiaaurea In the 
onjli d oTary wall One »ni«t 
srain In section shows the In 
tertoi filled with tlaek aroaes 
but the ovary wall etiU Intiet 
(V Tubcuf del ) 



pales The spores, therefore do not escape as dust on tlie 
field, hut remain in the heads and are garnered with the crop 
Sinutt) ears are easil) distinguished on the field b) their 
stiff erect position towards liar\est time, as compared with the 
more or less nodding health) ears, their ilorets also he more 
aw i\ from the axis of the ear, the chaff glumes are more spread 




cea«c<l, begin to tlncbtn, nt fml cqmlly, ihen nion- nt fiome 
places than other*, 'o that they beemne nrHlnso or rnmry-like, 
with swellings nt inegnlar inter\ft!s The spores ongitnte in 
the swellings, mul between tliein are fornietl cniss-sopt.a winch 
split nml bring about isolation of the sjiores 

Kuhn’s e\jx:nincnts on infection are of considemhle interest 
Ho iincstigatcil the germination of tins nml othei smul*finigi 
cuU^^ntlng many of them m Ins garden nt IIiillc, nml published 
his results as early ns 1858* In Ins artificial infections he 
dusted seedlings with sjwrcs of TiUrtia, nml investigated the 
different parts of them nncroscojucallj Sections showed him 
that the germ-tubes ]>enctratc direct through the walls into 
the epidermal cells, and always in the neighbourhood of the 
lowest nodes Tlionce the iiijcelium grows upwnrtls with the 
lengthening plant, especially through the pith, nml the plasm i 
of the older mjcelium passes onwards into joungcr puts In 
this way the hjphae, without greatly disturbing the growth of 
the wheat-seedlings, roach the ovaries, and with the formation 
of Bivotcs begin the work of destruettou 

Kuhn was al«o able to demonstrate that both gernnnaling 
spondia and conuha arc capable of infection, and tint, where 
man) had infected the same plant, so much m)celmm could be 
produced that death of the host ensued According to the 
same authorit), the fungus attacks spring wheat inoie than 
winter wheat, and the common forms (rn^icitw sntnum and 
T. turgulum) with nearl) allied varieties, more than “spelt’ 
{Triticum sj^lla) 

As a preventive measure against Ttllclta, the experiments of 
Kcllermann, Swingle, Kirchncr, and others, lead them to recom- 
mend Jensen’s method of placing the seed in hot water immedi- 
atel) before sowing (See Chap VI) 

TiUetia laevis Kuhn (US America) Ihis is another stnik 
ing smut of wheat similar to T. tiilici, except that its spores 
have perfectly smooth coats 

T. controversa Kuhn Found in grains of Tutinnn k/hus 
(couch-grass) as well as Tr tulgate and Tr i/lnncinn. Tlie 
spores are di&tmgiu«hed from those of T (nltci by the higher 
ridges and wider meshes on the episponum The m)celuuii 

‘ I’reMous to KUlin, I’re\oH and *1 ulavne liad in 18o3 carried out etpennieiits , 
also Oleiclien in 17^1 
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perenimtcs m the rhizomes Ihc spores, ncconhng to llrcfeld, 
gciininate in ^\atcr after ft resting jHinod of t^\o jc-irs, m 
two jcirs more tliey lo'^e tlicir cnpicit} for germination 

T. secalis (Conl)^ is epulcnuc and destrwctise vn osancs of 
Si'cnlc Cl t calc 

T decipiens I'crs (Ihitnin) In fruits of Af/roitts j I'hjinis 
and A sfoloni/aa Schroeter sn}s the plants remain sliintcd. 
BrefeW states that spores genmnate in water after a re'^tmi,'- 
penod of throe >ears, and lose their cupacit} for gernnmtion 
in the following jear 

T. loin Auersw frequents the o\aries of cultiiatcd LoUtnn 
petenue, and of I, tcmiilcntum (diunel-grass) 

T hordci Korn occurs m piniii of lIuTxleiim fraijile "iwA II »»«» 

Ptr'i'i 

T separata (Kimze) In ,{r»m of .l/xrro Spun 
T calospora Pass In grun of l»K/ro/>tyy« o jrrs/w m Itah 
T RauwenhofRi Fi-cli In gmm of Hvlcn litiitUin >n Belgium 
T ohda (Ilicss ) fonns stniHS on tin Kivcsof lirne/n/podiinn »n 

uul £ piiimtim 

T sesicnae Juel forms Mtmln stri|»cs on lewes of Scilena ccn-ruU ' 

T struforims (^\^^«ten<l) occurs on K-wes hif {-hcitlis, nml atilk-* «f 
lfo 2 )i'niru*, Int/tor inlhtt/n, Mifoon, I/olcus lrr/ie»ntlierut», Unit Poii, 
Dtclylts, Fe»tuen, l)ro>tus /o/juiii etc (Britain uid P & Amenci) 

T calamagrostidis Fuck Onleutsoff lUm t;ro*tucj>t(;aC’>,C 1/ tllert nia 
'\n<l Tniirnui repen$ 

T epiphylla Berk et Ih Stink In uni of \nstnlnn miize 
T Fischen K-iivt In fruits of ( conwenj m Fiiihml 
T arctica IJostr On aiul Pt ilks of fpefnti m Finmark 

T thlaspeos Beck In fruit of Tklmpi alpiatm 
T zonataBrtf On jS/Joroto/ua from Quito 

T (0 glomerulata Cocc et "Mor ocLurn in Italy on le^wea of C^nodon 
Dacti/lon, Pluntaijo Uinceolata-, iml Meiltutgo 

T sphagni Na'«n=Unn'’ was once rejanled ns a second form of spore of 
^phagmnn 

T oryzae Pat Tlie fniigns to which this name was gi\eii forms 
sclerotn in the gram of Oiy a gtUia (Rice) m Japan 

Breftld* found tint dark sjiores are gueu qK from the surface of the 
sclerotio. The«.e sjwres, on genmnatinn in nutritive solution, produced .a 
septate m^celuim which, m ihlute solutions, gave off pear shaped colour 

^Kuhn Dotaii 187G, p 470 Coliii, Jahrhuch d Schks Gts J 

faltilntul Ktdlur, Jb7C ISiessI, Ileilictjta, 1876 
*7va\va»chm, Utltr dit DmndhnnlhtU d lor/mooH, 1893, and .V//nH/e< 

I lolojiqut*, t. XIII , hv 1, 1S9J 
* JjQtan Cenlralllatt, LXv , 189b, p 97 
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1 «» o m In iiicij il 1 <f p riiitinti ii TM ni tli initntn* n liti ii wa« 
(pHiudith rintwctl tli< itnctlmm pn« \i^>roii«U iti 1 f nirrlii* Irntnun 
likt liofU from wliifli tin <l-»rV m>in« urn’ nl j it tnl ni 1 

frfc On tlin ncc mt llriMl f mtlo«| n pn up willt tlK* p ii nc mi ir <f 
Ittih'jiti I fr-i It iiiclnK« tin mH-cic** I tt I I'j /<-» or/ tr aul an 
« tlicr Pimiltr otip < n InMr*’ I m* cill^ It! / / »n f<- Tlippniiji 

In** ntlimtie-^ \Mt1i tli I ulthpimii* ii I \«<nm«tr« liVt f/ii <•/•;/ mkI 
1 refill Fici 111 It a cnntiecttu^ link I tniiii tin tno fat iilic* 

SeMnl < tlier kmcnean ^jtci i of TilUt i Invi Ihiii ninnlcil 

Keovossia 

Clnriclcrs Mimlfii to TtUrim cxiept tint tlic conidii jiroiliued 
on ^criniintion of the spotcs do not co-ilcsci Lomdi't ‘loun 
in imtriuve «olutions proiluce a mjctluiin with two kinds nf 
secondirt comdn 

N molimae Konukc The hhck s|K)re powder is dck eloped 
in cnhr^ed oiknos of Moltma cocnfca The smootli otoul 
sports are enclosed in a trxnspnrcnt iinnile 'iiul hi\e a h}ahne 
tail like appendage I'ach s|K)re is prodnctd nt the end of a 
h}phal filament winch reiiniiis attaclieil after the sport mass is 
freed and forms the nppcndage The s|>ores germinate m water 
at once and send up a simple icrnl promjcclium on the apex 
of which a crown of manj needle like comdn are produced 
Septation of the promjcelia nnj take pi tee if the) become kcrj 
long the protoplasm passing into the apical segments and leaking 
the basal empti as in Tilktia ]>ranc]ung of the promjcelia 
ma) also occur The conidn <ni being shed gi\e off sickle 
shaped secondarj conidn In nutritive solutions howe\er the 
conuha produce a injcelinm from which either sickle shaped or 
needle shaped conidn niaj be given off the litter however neaer 
as a crown or circlet 

N Barclayana Bref In the fruits of Pe msttim Irijlonm ii Simla 
fTliH Is not SI not > moiis with I »u!at;o yeinueU Rabl ) 

N (?) bambusae Bref In fruits of l amboo from Brazil 

Entyloma 

Mjeehum intercellular and neter gelatinous The spores 
are of intercahrj origin and arise here and there on anj j art 
of the 10) cehum The spore clusters appear extennlh as 
spot's anil tlie spores ne\er leave the host The spores on 
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ocjinimlion produce a thread-like pioiincehuin bearing apical 
conulia, conjugate in ]nir^ before emerging fixun the 

host-t:'!Sues 

Ihe following species form eonuln on the ho-st-phnt 

Entyloma serotmura Si.]inHt occurs on of S^tnpfiitum tul>ercsiit\, 

S o^nnati% niid lioraqo nfmnattt 

E canesccnsSthroct On Jfyo'oti# (Bntaim 
E fuscum Sclitx)it On I\tpnt» /’ Arij''im\t 

E bicolof Zo|if On AVoort m«l /* tfuluni (I’Mlntn) 

E ranunculi (Iton) fnnns while '•|nits on spitirs of Ilnuunrulifs Tiift<» 
of Iniihne timrpc from the stonnta niul 
foiiti <<inulii, winch on ^orintnition niriin 
H'l oircoiuiln * (Ilriliin ) 

E corydalis Dc I5.ir\ on Con/dnh* 
cni f aikI < *otidii 

E heloscUdn ^^ 1 C» on Ilch* 
noditf >rum 

The«.e do not produce couuUa. on 
ihc ho^t-jdant 

E thalictn Siliroit on T/mhctnnii 
mo 113 (V S Anuriia). 

E vemiculosum r»«s. on Htnitneiihi* 

/ t}iuff>novi3 

E Fischen Tlinin on Steiiacti^ Mlidi 
' rf*m 

E chrysosplenn (Ueih ct Br) on 
o/rcr/ii/bAiim (Britun) 

E Imanae t'chiott on Ai«fin« 



s.imc si'ociiuon seTcu b urs liter com 
mtnccmeiil »1 »b3'3ncWoii ol a rreonAary 
tporlHim on c.icti ivtlr (Mter Dl 
Birj ) 


(IS AinetKi). 

E picndis Ro'-tr on /*»rri« /ncmfoidf* 

E cryngii(<. oul\)on A’l.'/Hytinu 

aihI a <^ntjK*tn 


E calendulas (Oiulein ) on Oifcn<f«frt Ifirntaum, Aniostns, Aniuv, 


BfHjifmjtrMni, etc IRai) 


E crastophilum Sicv on A>a anil /)rc./yAr in Itih 


Ihe following produce gall-hke swellings 

E microsporum (Uii") (AT riigenanHm De itarv) (BritMu nml 
US Amency) On lianunculus R bidbo^ut, nnil A’ Finiri i 

(Fig irs) 


E, Aschersomi (Ule) on roots of Jlehtbrffmm omionitw (Fig If>9) 

E Magnusii (UK) on rcot-sof C/ifl^AafiKni KAg'niontm nnd ^/' htUo olbrnt 
(Fig ITO) 


’ll M ttnrJ, Philo’^oph ti(tn*aelioti3 of t'oyal Soe London, Vo1 1"^, ISS'l 



ISTMOMA 


Sull to mention nre 

E. Ellissi ll'iUt , ktiowi) “wliite annit • It uilntut^ i‘Iiiinch 
(Spinnnn of(rac^), ili'coloiinnp tin UiTr« 

E. ossifragi llo«tr on .> nrtfectum o*nfrajHm in l>c niiiirk 
E, catenutatum Ilo<*tr t n rofrpttoM in IKnnnrk 



■ tv oroiiln ) 

E leproiduni Trtlj * [Oedomyreg leproides (Saca)] Di'<ei'«ed beet root 
exhibits irregular outgroiiths ^liicli enclose since^ filled with the brown 
spore powder of this fungus 

E njrmpheae (Cuiiniiigham) Selcli* on \arious species of Aymfhea in 
America, Africa and Eurojie 

Melanotaemum * 

Spores unicellular m patches on an intercelluhr m}celium 
Ijing deep m the host plant, thtj ha^e a thick thrk brown 

* IlftUted, /ewy ^7rie Exper Station BulttUn No 70 ISOO 
*Trnbut “Sur une UstiUginre parasite Je la Betteraie Compt rtnd 
CXMII , 1S94 

*Setchell, yJo/anifo? Co <«« 1894, p 18S (with illustrations) 

‘Schroeter, Arypfoi/nm Flora t ^rAfeneu Vtoroom Sfiirirtiterj/Gm// 18S0 





nu 

epi^porc, ami the clusters api>ear Mick nr !e^<len•"re^ Ger- 
mnnlion as in KntijUMnn 

Mclanotaenium endogenum (Unucr) (Bniiin) TIun i^ 
found on Onhum and 0 Knuii Tlie inicelnnn 

ponncUos the whole inten-ollulir s\«teni of the ho>t, and i' 
noun'>hLd h\ lirf:e tuftcil hiu«lorn 
The ho-t plants rennin smiU, with 
‘shnrtenoi! intcnnvlo*, shnmk 
and niido\cloi>ed llower^ The 
'iwros occur in patthc'' in dc* 
l^^^nod flower*, and on Itucs ami 
iniirnoilt- Tho\ arc formed in 
'•mmiur iml b\ anliunn are ca|\ible 
of ^enmnation in water; Woromn 
tould m*t keep them nine o\er 
winter t)n irermination a bifur* 
eate pronntehum 1 j> produced, one 
brmch of winch remains nulimen- 
t\r\ whiU the other grows on, 
and if lonj iK.'come' divideil l>> 
ent'*'* '‘cpti At It'S apes., a minil'or 
of conidta an-e and, alttr main of them ha\e fu«ed in pair* 
ihea germinate direcila to a «eptate idimeni into which the 
plasma pas*.es o\or ^tig 17U 

Met caulium ("avlmiKUr) mU’*C' (lie -nm of Lunmi vihjtnt to swell 
up hkc n <puU 

Met an^eos (IVxk ) on /onim Acoorxliiu !«' BreWh 

this '.jv^i(*> onh ^niinntfi *\fttr r\*'^tlll^ for four\eirs wlnnis Jml 
«.a>iU CTU**o*l Vel oio/ii/u to d» «o iftir a '•hurt t\*'t 



Urocystis 

Sixires mas'cd into balls con^istuiji of si.\erxl «pores sur- 
rxiundetl b\ smaller comjvinion-cells inc-ijvible of germination 
The central sjwres are clearU distinguished from the others 
b\ ihcir lirjer size, darker colour, and thicker coit The balls 
of sspores are deielopoil in«ide coils of Inpliae, which become 
entwinoil to-jether and swell up m a gelatinous manner The 
central ‘nxircs on t^.nnunlion gi\e nso to a pronncelium, with 
leruunal comdia which do not as a rule fire m iviir*, hut grow 
out directh into nnceha 



11 rx ^ sTi*. 


11 


Urocystis occulta (\\nllr) (Ilriiim nii <1 I Anuncn) llu^ 
spccios i-? cojiunoii on the Innimo Icivci Ii if «lu itli« ninl 
conmioulv on llonl jnrls of Smlr m tlr (tm ) II »'in«ci ilic 



Fit! 1 '*— ( (Kt/i t oeealla o n^e The e&r« nro stunted and tl« spore 
IxjK-der cn erges (rem longitodinal fiss rca in the upper pirt of tl e stems 
(T Tube f p! ot ) 


tormation of gre} stripes, from ^^hlch a black spore ponder 
escapes The haulms become diseased and smuttj therebj 
preventing deaelopment of the ear winch remains stunted and 
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cnipt) (lid 172) Spore formation onuses the pucnchjnn of 
the stem to bi. iIcstroje<l m stnps nlonj \^J^ch rupture tnbe 
plnce fuul the hnuliu its ri»»iilit} foils o^or The balls 

of spores consist of one or two smooth spon.^i enclosed In 
companion cells Gorminition takes pi ice easil} in water ami 
a Circle of cylindrical oomdia arc produced from the end of 
each jnomjcclium The conidia without hccoinui" detached 
gi\c ofi a lateral germ tube Ihc nncclmm docs not hibernate. 

^^lnlc this smut doe-^ wot occur on cciaals so commonly as 
species of U<hlogo and TtUfiia still it may sometimes cause 
se%erc loss Ticitmcnt of seel by Toiiscn s hot water methol 
or In a copper sulphate steep ina> ho resorted to hut the 
icsults ha\c not ns yet been always successful 

Tlic only other smut of rye is I tilnq \cc(tU^ in tlic gram 
and It is ouU rircly found Winter howc\cr considers ne 
nmoncst the host plants of I roctf ti iqr i ?/> t 

Urocystis agropyn (I reii s ) (Unt ui si ) I S \mcnca) Ica%os ami 
Inulnis of TV r r m rc}V » Irr/r tt/rr i rhfi f /fiOw ntnl sill 
ZfnuMi I cr >s u\ tlio I elntit f tl ii |o us 

U festucae \uotl or ]ucus di tinsui he 1 1>\ I )i on J'esticxj 
U Ulei ^tsdii Ini v^^s ni r rir\l\ m it flon? 'i.nce- of /<w ; riT/«’»» c 
U luiulae fcchr et Oii hues f ft tit ^tlo a 
U colchici (Ischlccht) <">11 lea\cs of C Iclitcnm 
Mifican comisum If }ac mo‘tum /*uis qttndnfolta and 
hfoUa (Britain and 1 '' Vmeiica ) 

U cepulae Frost ^ (US Vmcnce) Onion smut Tins 
frequents the green lea\cs and sublcrranem scales producing 
pustules uhich bieuk when nnture and illow tho black spore 
powdei to escape 

U omithogali Korn frequents I of Onitfogtlnx tnibfUitni 
U gladioli (IK 1 ) la fi iiid in til rs in I stems of Olidolus (Ilutsi 1 ) 
U anemones (I’cis) (Butain aiul U America) Anemone 
smut Ihis may ho found m leaics or stems of many 
Ilammculacoae Anemone 2{tj)aliea 4 nevwu o A 
Pul ahUa alpinet P irmr/is P Penntyhanxea P ncnhloln P 
haflensi^i etc also on Ai} tqcne alpina Acomtiivi Id cidon^ 
Actaca <!picn(a HcUihoim tinrfi IF mgn Pnnnncnh(‘i Itcario 
7i hull J leiens 7? snnfiws Frtn(hi-i } icmnU'i Brtfeld 
says tho scores oermuntc m watu aftci resting for Inlfnaeii 
'll Tl s'^tcr Pfjort of Co icetctt I / »c Fxi>ei ‘\tato\ f r ISSa 



urfHnsTi'' 
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U. Lcimbachii (Oortol) cau««*s p1ol*iilnr *)f the 

';toin-l»a<!c of nt •Ten‘\ (rij; 1715) I’ntotnlhnl 

rc^'irds this <!pccies sis a form of 1/ nnrmonf*, thnorint; snjiiciili.'it 
on account of Us umlcr^rouml hnhitnt. 

U. sorosporioides Korn (llntnin) On Thahr. 

trim viinni, and T. forfidtim, fonnin^ |nistnlt’s and H\\cllin"s. 



U. violae (Sow) (Britain and US Ameiicn) The deiorma- 
tions induced by this brand aie not uncommon on Viola 
odorala m gardens, also on V tricolor, V hadensis, and V 
hirta Its presence is shown extemallj by the marked thick- 
ening and malformation of leaf-petioles, runners, leav’es, and 
Iniit-stalks (Fig 174) The swellings extend round the whole 
stem, and form pustular outgrowths on the leaves , the black 
spore-masses appear after rupture of the epidermis The 
llower may develop normally although other organs are diseased 
In a case from the garden of Prof Hartig, a flower-bud 
unfolded prematurely in the autumn, its stalk was very 
much deformed, the flower itself was somewhat stunted, jet 



I ‘.Til U.IM M 


nib 

tin jjhilt as n ulii’ilf <lal not •■coij to uiiicli nikctcd On 
tilt oilier Imiid a t f"' "«** oli..tr\«i! iicir Munich vherc a 
lir/< plot of Molct*. wn*. <ompli teh kilhtl out in a few uirs 
l.\ tins futi^ti« 

The an itonncil tlnn_i •* iiulncrd on I'l'h i-^fuatr were 
in'( (1 In M all ( with the follnwinj results a sttellirip’ 

of the steins 1( i\ts and llowtr stalks «>feiirred, often nccom 
jnnnrl h\ tonsHlcnhle twisting nml rtip*tir» of tlu fjiulcnin-'* 
lhc«( clian^'es wfrr not ciumcI In uiiv tnlirj'ciiK nt of cell® lait 



tljc tniiilnmn ruiinimil 1 Mi^cr ncti\t in the sleni and a fiCcond'»r> 
diMVion of rmd inieiithaim oi ni<'>>phall could he observed 
nbai^ With a disijijicanncc of niUnellular s)nces, acccssora 
Mi'-cular biindhs «erc formed hut the Bceomlao \cssoIs rtianmcd 
inconiph ti h dc\eloped In slnjrt luw ^'rowth oectirred, not 
in tlic «arlur ^tn^ts of the hosts lift hut in the n<lult 
Lspcidl} notcwortln is tlit foimation of a stinll celled ti^-ue 
Ksnltiji^ IroiM celldiMsion iii tin riial pnreiiclnnm and the 
iiits(»j h\ll , this sirvcs ns n nutiitiM tissm for the finipUis 


ttnlikcr /’rf» hh'int Jnfrf rh isrj 




ninl 19 ilc^trojcil iluniig •ijwn* fomntioii pn tlint tlic 1 'ill'* nf 
spores are found in Hrj,« < iMtKS in Iht tio'^ne 

In tlic «porc nn««c9 llu cn\ilopm^ compimon cills nrt niore 
tmnspircnt Unn the spores projKr Tlu hltrr gtrinuntc’ cssil\ 
in 9\itcr, and produce promjccln nhiclt j^row tounnls the air 
On the oxtronutics of thc«e ‘:c\oml conuln nn«c and without 
becoming detached proceed at once to gi\c off short cnnnlm 
phores with terminal conidn As this process is repeated 
indcfiiuteU chains of comdu arc formed I usion of conidia 
ne\er occurs 

U Kmettana Mngn ‘Magnus* describes tins as dcstrojing 
and filling with black spore jKiwdcr the o%arics of I'l la tnoUr 
{tar nriea^M) 

U filipendula luck occurs particuhrlx on jttults mil leaf ribs of 
^pntei F(ip«nrlili 13r«.fell foun I the 8|>ons j.erniiii »tiii„ after a jcai 
U (}) italica (*acc. et Sjieg) In wd of C<r*f(inci tes a 
U purpurea IIa«l Oiaries «f /hind s thUoules mid /> proli/era ui 
Iluiigarv 

U (1) coralloides Ro-itr In roots of Tirntu glalnt ut Denmark 
U ofobaaches (Fr) In roots of Orohanfh* 

U (?) raonotropae (Fr) In roots an I stems of Monotropa in Delgium 
U Johansonu (t Jitn i La^) In leaves of Junrva filiformia in 
Switzcriaii 1 


Tubarcmia 

Spores forming 1 alls as in Vroci/^(is but all are equallj 
capable of germination Tlie spore aggregations form large or 
small slightlj thickened spots and crusts winch do not caU«e 
aerj marked deformation of the host Germination results as 
in Ttlldio in the formation of a protnjceluun bearing a tuft 
of comdia at one end lute comdia are also produced from 
the mj celium on tlie host pi int 

Tuburcinia tnentalis (Berk et Cr (Britain and XT S 
America) Plants of Trtentalis europaca attacked h} this fungus 
are conspicuous in carl) summer b) their swollen dark coloured 
stems and tlieir smaller lighter leaves which fall prematurel) 
The comdia appear as a wlute mould like coating on the lower 

* Prillieux D llet de la Soe lotan de Franct 18S0 and llrefeld (foe C»f ) 
Heft MI 

*Magnus ^alur/orscA Fr d /Vot Brmtdnhvry xxai 
*\\oronin Sttieltt hif-y nalur/ortch Ce^ll 18S1 Plates I II, III 
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‘;i(le of tlie lc'\f The bhcK sjwre-nnsscs are fonnci.1 iii tlie 
Tiiul-inreitchuiia, and sometimes m the pitli, the\ arc set free 
by rupture of the cpulcrmis 

In autumn the symptoms are diflerent TIic plants appear 
normally deieloped, and hiNe no coitiii" of conidn, dark 
s^\oUeu spota, howcaer, appear on the loaaes and leaf-petiole^, 
in cou'^cqueuce of the lua'^siug of black spore-balls in the par- 
onchania under the ejudermi® 

The 'summer mjcclium consists of colourless irre£;ularl\ 
branche<l and 'slighth septate h\-|dne occupying the lutcrcellulir 




'sp.ice-' of the pith and nnd-parencha ma al'O the aessels The 
hjpliae applv them'eUes clo-ely to the cell-ivalN, and certain 
short bnuched Inphae actinlly penetrate into the cells The 
Spore-masses are dei eloped from delicate branched multi'eptate 
filaments of the \egetati\e mycelium They begin as two oi 
three little cells round which a coil of hvphae is formed , the 
central cell's increasing in number aud size become a ball of 
dark smooth-coated spores, while the ena eloping coil of ln*phae 
di'appe.ar' 

The Spores germinate dnnng the same autumn, fretpiently 
in the position of their formation A promjcelium i"* first 
foriiaed, and on it*? c'ctreimtj a circlet of conidia ansos , there- 



•xfter tlic proinj cclium becomes dniilocl bj cro^s «eptT iti its 
upper psrt, nml the conidia too nrc frtqmnll) ch\i(ltcl In one 
or tuo «cpla. Ihc two promjcclnl cills hcoinc < 1 < biclicd, 
while the conidn begin to fuM, togetlicr h} incnns of out 
growtlis near their hise, ihtresflcr csch coimhum gucs 
out *1 seconthr} conuhmii into which thi. jilasim c( iilcnts 
pass 01 cr A similar formation of ‘«ecoiuInr} coindia niiii take 
■place without preiious fusion of the primarj conuha Hit 
comdia fall opart and the} ns well ns the upper prom}cthal 
cells therch} left isolated, grow out ns hjphae It must be 
these hjphac which infect the rudimentnr} shoots of T’/arji/n/js 
when thej arc alreadj partiall} formed for iie\t jear The 
resulting mjceluim permeates the shoots in the following spnng 
and branches of it emerge through the stomata or pass between 
the epidermal cells and break the cuticle to „row up cither at 
onto as conidiophorcs or to form on the surfice of the leaf a 
web from which conidiophorcs arise llic pear shaped conidia 
are attached bj their broader side and tasilj fall off leaMng 
tlio conidjophores free to produce new comdia The comdia 
are capable of immediate germination and maj produce a 
lateral germ tube which „rows dircctlj upwards and gives off 
secondar} comdia, or the comdia themselves grow out into 
hjphae capable as Woronm proved expenmeiitall) of carrying 
out infection Such hjphae penetrate between the walls of 
adjacent epidermal cells and give nsc to a mycelium which 
spreads in a centrifugal diiection and forms the spore 
masses 

This same fungus has also been found on Euphrasia lutca 
and Pans qmdrt/olia On Euphrasia according to Winter 
It causes formation of lai^e swellings accompanied bj consider 
able deformation of leaf and stem 

T primuhcola (Alagn ) Kuhn ' (Britain) This smut attacks 
flowers of Prmuli acaulis P offieinalxs P clatior P fartnosa 
In cases described iii German} the blooms were generally 
attacked in the filaments or connective of the stamens but also 
in the anthers the ovaries pi«til stigma and sometimes in the 
caljxtube, while the vvliole flower head was more or less 
discoloured bj tlie black spore dust The mycelium permeates 

*Magjua Data I Wren Brandtnb rj 1S"8 Kulin le t nt Mckelungs 
ge‘>c1 d 1 nmetbran les \al rfortch It U i Hath 1892. 
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the ^^hol^ nml luUtnnUs m the rootstock The sjwres 

nit do\ eloped ftom tlio ends of luphno in the host tisMie mid 
art' nther i^olatul or joined into psckclv ihu ‘rermiimte 
ortsil) in vntcr, and i)roducc iithti n line "inn tube or a 
tliick pronijcchuni N\ith four ohloiy umidn on its njH\ The 
conidn mx* lasd^ dct'ichcd, mid tilhir develop to fine hvphu 
or }ii\e oil secondary tomdm Litnninaiion on the vvhole is 

similar to that of 7 tnrntfh^ Conulia niav ho aKo pnsluceil 
directh on thi ho^t phnl, thc^-e wcri lirst dt.‘‘tiibcd bv Kidiii, 
NsUo n\mid lUim Irmi iht<te Htir however lie 

succitiUd in inftcluip' plants of J*itnulit with tht conuln, and 
in jirovin^ thur relationship to this 7«/jori«t<r 
T Cesatu ^orok otenrs on ^cmiminis in llussja 
lUr»^ nco nln ^ to ‘'tlcluU tin f llowuip. \imri nn ^.‘aem si oitll W 
j had 

DunUi* li I ^ifc «.n 

Comuclla C Um ir <u tjr o i jk/vM* » 


Doassansia 

Spore masses consi'^tin^ of nuinerouH <)x>n- i ijnblc of jtir 
miimttoii tiulo cd m a Jujer of sttnli- cells jfit latter arc 
iuonI conspKiums m the vjK'CHs frujmntuu nquatic plinis ami 
are idled with air — lltxfild ix^anls them ns swimimnc orfsans 
Tlu s|iotx masses In. m "roups imKddid m the hos'l phut 
'Ihi sjHCies inlnbii plants with mi mpiatic or moist habitat, 
and prodiiti on them K vf s^mts with black p«>tulis 

1 isili * investi^ited tin. lift historv of /^><ivsi«5in ser^yi/Afridf 
Ho found an intircillulir invctlmm vtliith inside the stomata 
foimcd s{>ouKmps consismy of sderolium like tods of hvphae 
tiiclosuij; stvtral tills vihich form sjk>i\s Ua sjKirts on "irnnna 
tion ‘sUO rise to j nnnvciha which produce sjxirnha in a manner 
similar to Ihe «iH>ndw tasih ^cnuitiate in v\ater 

and cm immuhattlv infici voun^ leaves Ihe ^cmi tubes 
crtip on tbe surf ice of loaves and attaching thomstl'es bv 
an adhesion disc o\t.r the wall letwicn two ndjictnl Cj iilennal 
cells the^ piiulrato this wall Ihc hvpha while ivassim: 

H 7 r «/ «f I f-A I'ifixi («r tesi K •to. C^niu !«•«»/ «t 

rnur x\ its^ <^.1 I ftl {/ < t tt t ms nN lie Vnerl »n 

riHsirs At \ cs I ■ iirnts » n tl iiii. 
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through the wall, rcjiniti'i thin, but on ctucrgnig inl«» nii mt<r- 
ctlluhr «5jHrc il 'oou thicktns and linncliL'* uilo n injcchiiin 
Infection rc'ults in tlie nppo'iraiict of }(llo« siKit**, dm to 
r'lind destruction of the chtoro|ili)ll and dnth of (<ll contents 
lApcnincnts in gcrmnntion have hten caintd out h) S t( htU 
and Breftld ' 

Doassansia sagittanae (Wist) (Iintain and Aimnci) 
In lca\es of Sagittaria The spores according to Bnftld 
gcrmiintc in «atcr, after hilienntion llic} produce unicellular 
proin}celn uith a tcrminil tuft of more or lc«s spindle sln|Hd 
conidn, which at once begin to spiout and fall off On the 
surface of a iiutriti\e solution the} continue to sprout jeast- 
hke, and form close mould} coatings (i)iK7sv»Mi<i is the onl} 
genus of the Tillctiac in which I’refcld found }tast like sprout- 
ing of conidia) 

D ahsmatis (Jsces) (Ihitnm and US Ainonca) This 
inhabits lea\es of Ahsmn PlanUigo and .1 nalant, producing 
knott} swellings The spores arc enclosed m a la}tr of com 
panion cells containing air, whereb} the masses swim on water 
On the prom}ceIuim the comdia arise from tufts of conidio- 
phores , the} fuse in pairs, and secondary conidia arc developed 
from each pair or e%€n from single conuha 

D Niesslu (de Toni) forms small spots on lea\cs of PntO’ 
mils nmlcUatns The spores are surrounded by companion cells 
containing air They germinate before Icaaing the spore patch 
and produce conidia, e^en secondar} conidia, before rupture of 
the liost epidermis takes place I’refeld describes the spores 
as germinating in watei to form a aery short proraycelium 
with short thick conidia avliich fuse m pairs and give off larger 
secondar} comdia from their apices In nutritive solution 
comdia are developed, winch give off septate hlaments whence 
further comdia arise Aenal comdia are ultimately developed 

Magnus found that the spores of D alismntxs, J) Nusslu, 
and other species germinated at once on reaching maturity 
Brefeld, however found that this took place onl} after they 
liad lam over winter It ma} be that here, as with some 
higher plants {eg Pinm Cemhra), there is an immediate 
capabilit} of germination, but also a deferred, the latter requiring 

' Setcliell, ijina/i 0 / Bofaiiy, VI , 1692 Brefell Schimmtlpil t, Heh XII, 
189o 
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to Ih ])ncc(lccl li> n coiiSHltniblc n period, diiiiiij' \\liich 
gernmntioii ^\lll not tiJ»4 jjHtt 

D Martlanoffiana (lltUm.). Iti I *f l‘ 1 1 \^'l i > o/ » / an I /' 
yniMwi# n 

D occulta (HotTni) In fruits «f hi>cci ■» « f Pot ti \ •'/'to i 
D Intermedia (''itch) An Am ri~iii hihckh fininl on Uaiti of 
S in I rnn if ifi* 

D comari (ll<rk) In lca\iH «f t Jiar ii ffihttre in I ritiin 
D limosellae (Kun 7 i ) In it wern «f hmn'-Ut n/t it nt 
D hottoniae (Ilo^tr) In <f lluttoi n j nl ftru in I) niiiirk 


Thecaphorft 

Spores Iftrc*- sphened ami iii'cpii iliU imitcd into pickets 
of ‘jeitril spoie** Ocrminntnn u ult^ in the fonii'ilion of i 



pronijcehuin fiom the apex ol xxhith i single coindiimi is 
produced 

Thecaphora lathyn Kuhn spoie halls fonned in the seeds 
of lathynis and escaping us a bio\\n powder on 

dehiscence of the pods The spores germiinte in water with 
formation of a prom}celmm beaiuig a single apical conuhum 
which produces a lijplia but ne\ei secondar} conidia In 
nutritire solutions the spores produce a m}ccliinn from winch 
conidia are continuouslj gi\cu off 

Th hyalma Imgerh (Britain) This occurs in fruits of 
species of Convohuhts Woiomn describes the spores as liaxing 
germ pores through which a septate germ tube is emitted , the 
mdiMdual cells of the germ tubes develop into hjphae without 
formation of conidia 

Th affims Sclii eid In fr iits of iHujlj/ci/pJ yllua {\J ^ America) 

Th Trailu Cooke In flowers of Citrdtut Jeteroplyll s m Scotland 
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Th Westendorpu tivli lit Jytum t\e sn ]Mlj;iim 

Th. pimptnelUe Tnil In fntit^ «f It ftnrfli ''infmji in Sweilrii 

Th aurantiaca In (f Ir/icHi Joior 

Th pallescens In pit In Inxt^of Irotjma fvlUm 

Sorosponum 

Spore fornntion t'lV.cs pHcc in a mw of twisted f'chlinous 
li}plnc Spores at fir<;t cinltcddcd in a gchtinous in\tsttneiit 
and united into packet*! but liter liecoimiig separate Proinj 
cehum filiform and septate 

Sorosponum saponanae Kud Tins causes difuimation of 
flowers of D anfhus tUllonfet Stponana ojjicinnli^ Silene tnjlnta 
and S tclntina Slcllana Ifolostenm Cfrasltim (inrn<tr Jychnn 
(lioica and BinnOitn juoli/rr 

S dianthi Itabh on D anif m prof /cr h prtbdh i Iciiticnl with the 
preceling specie* 

^\o append here as doubtful Lstiligineae the genera Giaphxola 
Schin in {£ntorihxa) Ttbcrcttltna and Sckroctcrm 

Graphiola 

Tlie sporocarps of this genus are formed on tlie surface of 
plant organs containing m)cclium, the} aie little sphcncal 
structures enclosed in a pendmm and contain filamentous 
septate li}phae The h}phac ma} be sterile or fertile the 
spores are produced on lateral cells of the fertile h}phae 
From the germinating spores either a thread like in}celuim or 
spindle shaped conidia arise 

Graphiola phoemcis Put' (Britain) This fungus is a 
parasite on lea\es of palms {ey Phonu dacfyhfcra and 
Chamcrois hunnlii) in the open in Ital} and other Mediter 
raneaii countries in hothouses elsewliere The sporocarps make 
their appearance as little black protuberances on both sides of 
the leaf The ni}celium forms a close h}phal tissue which 
encloses and kills parencb>matous cells displaces the bundles 
of sclerench}ma ind ruptures epidermis and h}poderm De 
formation i* however localized to these spots 

*11 Fischer Beitrag u Kenntn ss d Gattung Ctoti/ lo/n Holan Z< tiing 
IS'iS 
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to \)i* urcrttUil 1)V a rt tluruu 

t'lnmintioti will not t lU |iht«* 

D MartlanoRiana (riillm). In I «f l'vtu\>n'' '» » •(< ♦ ^ 

j;n»i iir nii 

D occulu (n<tri:i) In fruit* (f < f /'. t u t ‘'I'to I 

D intermedia (•'Url,) An Aiii*n<-iii -j-ti* f-mi'l «» Itnn-* of 
6 I Jilt iri j r in if ifit 

D comart (ll<rl ). In uf C um i j-ilm’re in 1 ritiui 

D Iimosetlae (Kuii? ) In fluvir* «f /m t'Hit nji 
D hottoniae (Itn^lr) In l.av.n ,f Jfittiuii /-if.i'ru in iKnmnrk 


Thccaphora 

hjHitt'* lnr”i, vjihenctl, mu! itiiipat tM\ tuiUttl into jneVets 
of sum! ^])oicv CicMimiatiuii umiUs in llio fonualion (f 



prom) cchuin fiom llic apex of winch a “Ui^lc coiiu^nm' ** 
pioducctl 

Thccaphora lathyn Jvntin Sjwrc Inlls fonncil m the seeds 
of Ia(hi/ru'< prulcasii, aiul escajmi}; us ft biown powder on 
delusccntc of the pods 'Iht? spotes genniinte in water "iti 
formation of a prom)cchmii bcning a single apical comduini, 
which produces a h)pha, but ne\ci «ccomhr) coiiuha I» 
nutrvtiae solutions the sjiores produce n in)cclunu from which 
conidia are contnuiousl) given off 

Th. hyalina Fmgerh (llntaui) This occurs in fnnts of 
species of Coniohuliis Woioiun describes the spores as haMn© 
germ-pores through which a septate germ tube is emitted , the 
mduidual cells of the genu tubes develop into h>phae. without 
lormation of conulia 

Th ^nis Schneid In frmts of Aitraffalm gJt/c^phyllus (U S America> 
irailii Cooke In floods of CarrfitK* helerophyllus m Scotland 
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Th Wcslctidorpu In jurent ^ IH IVIpnm 

Th. pjmptnetUe .Ttnl In fmit^ of Pnijnuffh .Vin/rr»7i m fewnlfn 
Th aunintuca Kintli In of fVfiM thoiot 

Th pallesccns Kingl* In Ip-wk of /Vn^nnrt 


Sorosponum 

Sporo-fornntion takes place in n mass of twisted f'elnlinotis 
h}pliac. Spores at first cmlicildod in a iiucstincnt 

and muted into packets, Inil later Ijccoiniti^' separate I’rom)- 
celnun filiform and septate 

Sorosponum saponanac llud This causes dcfoitnation of 
Dowers of 1) nnthv^ thllotilcc, Snjwtmna ojiciiuilt*, Silnic inJUila, 
and S tclultna, Stc/lariff I/ohstam Cfra’itiuvi rrrirav, Lychnis 
and hinnthu’i jiroh/rr 

S dianthi ItaWi, on Diant/oi* proli/tr, h proWlih nlcntical \Mtli the 
Iirece*hn{j species. 

We append here as doubtful Ustilngineac. tlie geneia Oraphwla 
Sehvizin (UntorrJuzn), Tvhfrcnltna, and Schrortena 

Graphiola 

The sporocarps of this genus arc formed on tlio surface of 
plant organs containing injcelium, thej aie little spherical 
structures enclosed in a pendmm and contain filamentous 
septate hjphae Tlie h}pliae maj be sterde or fertile, the 
spores are produced on lateral cells of the fertile hjphae 
From the germinating spores, either a thread like mycelium or 
spindle shaped conidia arise 

Graphiola phoemcis I’ait' (Britain) This fungus is a 
parasite on leaves of palms (eg Phoniu dactylifeia and 
Chamerops huvnh^) in the open m Italj and other Mediter 
ranean countnes, in liot-houses elsewhere The sporocarps make 
their appearance ns little black protuberances on botli sides of 
the leaf The mjcelmm forms a close hjphal tissue, which 
encloses and kills parenchimatous cells, displaces the bundles 
of scleronchyma, and ruptures epidermis and hjpoderm De- 
formation IS howe\er, loc.ilized to these spots 

*hl Fucher, ‘ Beitfag z. Krnntnus tl Gattung Gmp^io/a,’ [iotan Ztitung, 
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ThL si)orocnrii> ( otisist of a tuo lajcred pcridmin a sporo^’cnous 
h)ci imd of *5t«.nk The outer h}er of the 

pcnduim forms the outer h^tr of tlu lilack protubenncLS on 
the le-wts, the iimer h}cr is ilelicsle Ihc sjtorogcnous h)plno 
origitmte from tin centre of the underlying liyplnl ti'iiue, mid 
form II p'llissdt likt layer in the Iwttom of the sjiorocarp ca\ity, 
the rcinummg space being filkd vitli spores nnd tufts of barren 
hyplnc These latter hyphac rise amongst the sporogenous 
oius and jirojoct ns a fine brush like tuft out of the ruptured 
peridmm The sporogenous hyplnt grow atrtically upwaixb 
ami become septate forming chains of loostly nnilod, roundish 
hyaline cells or joints ihi tcriiiiiul joints gi\c off scieril 
sphcncal cells laterally aiul die anai Itiiin" the cells loose 
m the sporocirp canty I rom dui'^ion of tin splicrical cells 
yellow spores result and on ruptiiiL of the pcnduim are 
carried out on the tufts of sicriK hiphac to he scattcicd by 
wind The spores germinate in wittr and produce eitlnr a 
promyccliuni or comdia 

Gr congesta Hcrk ct Uai occurs on kaics of CIi(tvi(ro]h 
PalmclUi 


Schmzia (Gntorrhiza) ' 

Spores produced on the ends of Iiitral branches of a niicelium 
in the cortical cells of the root of tlie host plant Gernnna 
tion results in production ol a sunile or branched sporophore 
(promycchum) from which kidney shaped conuha (spondia) are 
produced 

Schmzia cypencola Mngn This causes deformation of the 
roots of Ci/peTm Jlaiiccem (lig 179) 

Sch Aschersoniana Jiagn ciuses suelliDgs on tlie roots of Jnneus 
hufoni s [Britain] 

Sch Casparyana Ma^n In roots of Jncxs Ttnajeii 

Sch digitata Ligerli In roots of /«» t* artxrvittis 

Sch (Naegelia) celluhcola Naeg In roots of Iris in SnitzeiKiid 

Sch (Entorrhiza) solam Fsnt [Tlus is given as the cause of a disease 
on potato The plants droop aul ultimately rot at the neck the leaves 
become yellow and neitler flovveta lor tubers aie produced] (Edit) 

'P Magnus at Bot n \ erem 1 Piov Brandenburg Ueber einige 

Arteii d ( attung Seh i m Btr tl tie Ik/ lota Ges 1S8S p 100 C Weber 
Jiotai yeilui j 1834 
® Tautrey Rev le tijcoloq 1S9G p 11 
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TubcrcuUna. 

inpi«:tic on hjplne niid of Urrthnfnr 

Short ro<l like In pine spray from the sporo-pitche*? ninl pue 
off from their apices, plolio'sc coniiln, which on pcriminlion 
produce bnnehed proinjccha bcarin" sickle shaped ,cnindn 



Tubercuhna persicina Ditm The lihc coloured spores are 
found on aecidia of Pcruhrmtvm. |)i«i and other aecidnl forms, 
also on some species of CatomQ^ (Britain and US America) 

lPln\^^ght {Drdfh Uttilaqinrae) gl^rs also Att a.ipfr\foh>. Ate tmulajinu, 
anl ioi'«fWia laeerata as hosts 
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T maxima IJostr Occurs on ni‘.t intclics on 'We) month 
^ pine It hns laj-^cr spon s tinn the pn.cc<lin^ ppccits 

Schroetcna.’ 

SpoRS joined in purs mah in three- their broad 

faces to^'Cther Thej are deiclopcd from sinjc joints of a 
septate non gelatinous mycelium pirticnlnrlj from short curled 
lateral hjphne Sphencil conuhn arc pro<Iuced like tho«c of 
rnucilhnm bj mtercalnra growth in chains from the end of a 
eonidiophoro wlncli is gcncralh uiibmnchcd 

Schroetena Delastnna (liil) occurs in «ceds of I7ronic« 
/inen^i^ V Iiafcri/tlm V tnphylhi and V praccar The spores 
germinate in water and jiroihice comdia incapable of further de 
lelopment tten when transferred ton nutritMC «olntJon In such 
howe^cr spore germination is more Mgoious and an abundant 
injcelumi results but it «etms to lie unable to produce comdia 
Sch Decaisneaaa (Doiul). In of \tro im te<tenfoJin at I’lns 


IREDINtAE. 

Tlie Uredineac or 1 at st fungi possess se\eral forms of spores, 
one of winch the teleutosporc is rarelj if e\er, absent from 
the life c)clc of anj species Tlie tcleutospores consist of one 
two 01 mo-e cells enclosed in a thick coat of dark colour and 
therebj well adapted to carrj the fungus oier winter "When 
termination occurs each cell of a teleutospore gi\cs off a germ 
tube through a pore oi thinner place in its wall and from 
this a promjcelium" is foniied consisting ns a rule of four 
cells Each teleutospore onginates from a sporophore of its 
own and in the course of deielopment two nuclei onginallj 
present in each cell of the jonng teleutospore fuse together 
When germination takes place and the promjcelium is formed 
the single cell nucleus derived as above dnides into two then 
into four so that a nucleus is produced for each of the cells 
of the promycelium Irom the promjeebum four stengmata 
are given off aud each produces a single spondium “ These 

^Erefeld regards the species as forms of higher fungi not as Ustilagineae (Heft 
XII p "04) 

®BrefeId considers t{ at the proiiycelinm and spend um ire lespeetively a 
bisidium and a basidiospore 
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^poruln on gcrnnn\tiou gi\t mficting injcclnl li\|lnc In 
tlic CA'^c of CiIco<!] nun the promjcclnnn is fonnod inside the 
tclento'sporc in a nnnner siinilir to the 1 rotol n<!idioimcctc‘» 

Bolides teleuto'sporcs there occur un.do«iporcs. TIic«c nre 
gi\en olT from pitches or son throtighnnt the Rutmner till 
lutnmn when the\ nre foUowwl ht tclcutospores on the Rime 
son The nredosiKiris somewhit rc«tmlle tlie ttlenlo'sports 
but gencnlh consist of one cell onl> with ti thinner coat of 
lighter colour, thej cither gcrminite nt once nithont n resting 
period ind gi\c nse to a gtrm tube cipiblo of direct infection 
of new hosts , or less froquentlj thej are resting spores for 
a time 

A third form of spore occurring in the life histoi} of tJie 
Uredineic is the aecuhospore proiluced in a spcciil structure 
the aecidium The lecidmm is dciclopcd inside the leiies or 
other orgins of the host plant and when mature ruptures the 
overlying epidermis it has as a basis a firm hjplnl tissue 
the upper surf ice of which becomes a disc of short erect sporo 
phores From each sporophorc there is formed bj intercihr} 
growth a chim of cells consisting iltermtel) of spores and 
smaller intermediate cells which do not become spores The 
joungest cells m an accidiuin arc those neat the sporophorc 
disc and thej are forced outwards bj nitercalation of jounger 
cells between them aud the disc Tlie cells so produced 
become alternatel) intermediate cells and spores the former 
increase for a time then decrease and disappear the spores 
howeNcr continue to increase in size as the chain grows forward 
and to tahe on the characters of the mature aecidiospore till 
they are finally shed from the aecidium The production and 
distribution ol aecidiospores maj thus go on continuous!) for 
a considerable time The sporophores at the periphery of the 
disc do not howe^e^ produce spores chains of cells are also 
prodttceci from C?iera hj intercaferj gnowCff hut ceJJs are <rf 
equal size and remain closel) connected with their neighbours 
so as to form a membranous coaenng oier the spore sorus 
this IS the so called peridium on rupture of which the aecidio 
spores escape In man) Uredmeae the pcridium is suppressed 
(Crtfomn) m others (Phragmidium) it is replaced b) other 
structures the paraph) ses The spores of the genus Endophyllnm. 
are produced in «eries in aecidin enclosed b) a peridmin but in 
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rrcrmiimtion tlit} bclmve more like l}pjcil telciUosporcs tlnn 
a( culio'iporcs 

]>(foro the nlntjon^lijp of Uicm \nnou5 forms of s|>orcs wns 
l^noun Accuhujii niul Caroma were rCf,snlcd ns imlepeiulenl 
pioup** nnd iiimcil ns sticli , o\eii mail} i^^olitcd forms of 
iiri.dospori.'s telcutosporps and nccidiospnrcs arc known tlie 
relationsliips of wl icli nre qtnli obscure 

The nccidm nre nl\\n}s preceded or nccomjnnied 1>} n further 
form of spoio jiroducwl in n sptcml stnicturi of its own Tlio^e 
spores hue hitherto been calletl sjieriintn nnd tlicir s]K)rocarps 
spermogonn on the n«suinption tint the} wert, nnle org'ins 
Kow ljowc\cr innii} of tlitni nn known to he capable of 
^eimimtion in nrtihcml nutritive solutions hence thtv nre more 
probabU n form of asewnl bud \ud \>clteT mmtd conidn 
their sporoenrps pvcnidn llu pvcnidn art llaskslnicd 
structures sunk in the tissue of the liost with n pore or 
jnoutli cmci^iii" thiou^li tlie host cpj Icrnus tlic} gencnlh 
occur in leaves niul occup} the upper vj idcrmi« tlie aeculia 
occurring on the lower Irom the mouth of the p}cnidiiini 
thcio frequontl} emerges n tuft of hue Jihmonts outgrowths 
from tlie inner wall of the llnsk The pvcindia possess a liveh 
colour nnd tlowcrv odour lu.net it has been suggested that 
the convdia ma} be tUatnbulcd b} insects but the) do not 
appear to be able to ^.cmiinate in the epon and infection 
expeiimcnts with them have iitvtr as vet Buccecdod On this 
account the} nre regiidid as degenerate structures^ 

Tlie various forms of sjTOrcs aic al*;o distinguishable b} the 
manner in which the} brio., about infection Teleutospores on 
germination produce spondia winch pierce the membranes of the 
prospective liost at a spot wJiere two adjoining cells are m 
contact and tluis make their wa) into the intercellular spaces 
Uredospores and aeculiospores however first seek a stoma and 
enter the intercellul ir spaces of the host through it 

The following different forms of Uredineae exist (1) Those 
which possess teleutospores alone cff Clnysomyxa ahietis , (2) 
those with teleutospores and uredospores eg Puccinia 
spinosae (3) those with all the lonns of spores eg Puccinta 
giamims (4) those without uredospores eg Gymno^poi angunn 

1 Rati aj Untersucl ungeu Uber <lie Spnmogon en d Rostp Ize Dtnlscl r\ft 
d }\teierAlttd I II m e? W ISSa 
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The diflerent forms of spore iin} Ijc found on one ninl tlic s'\me 
host-pluit (autoocious Ure<lincac), or the acenhosporos and 
pjcmdnl conidn imj frequent n diflVrent Iio^t from the utcmIo 
and telcutospore-forms (hetcroccioiw L’rcdmeao) ‘ 

A mjcchum mi) he prodncid from the f'crmnntni'; ncctdio- 
spores, tircdosporcs, or spoudii It sprettU tlminyhout the 
intcrcellnlir spaces of attacked orgiits and ciuses thicktium:, 
distortion of the tissues of its host, or the fornniinn of “ uitchcs’ 
brooms'' Xutrimont is frcquentl) obtaintd b) nicins of cone* 
shaped or button-like hiustoni in the interior of hnst-ccll«. 

Hibernation of rust-f«n«*u3 is most commonl) attained through 
the teleutosporos, the thick coals of which make them pecuharl) 
suited to piss through a lengthened resting period Some forms, 
howcicr, hibcniatc b) ureilosporcs, b) uccuhospores, or b) the 
m)cehum remaining on or m liiiiig pcrennating stems twig«, or 
underground rootstocks of tlioir host 

Aecidiosi>orcs on gormmatton prcKluce ns a rule, a mjcchiim 
which gues rise to uredo- or tcleulospores, rarclj to accnhospoies 
(eg Pnccxnxa scwcwun and Uiomycc^ aix)- Credosports on 
germination, produce a tnicclium from which iiredospores ore 
first gi\cn ofi, then teleutospores The spondia of tUoutospores 
gt\e rise to a m)celium which frcquentl) produces p)ciudia 
aud aecidia In rare cases, the spondii of species which nonnatl) 
form accidia, are said to develop a uredo tii)cchum (cc/ Pucc 
gramviis according to 1‘lownght) 

The Uredineae are foi the most part strict parasites, and 
exhibit marked adaptation to their respective host plants beveral 
of the polyxenous membeis frequenting several species of host- 
plant have been found to varj according to their habitat, so that 
one and the same species assumes i slightl) different form on each 

* The phenome • 

the Ureilm<iae * ’ 

>t exists in 

this species are piiHiuceu omy on luiitHiHw iiic a|sjiiiei.ii oiii^ on 

Ltdiini, and alteniaCe uitli each othei, so tiiat the Lrdum can be infected only 
bj i,ernimaUng comdia, the romHiiim by genuiniting a«cospores 

*Di€tel {Kalur/ursch Vtriia m I'lenna, 1S94) pointed out further cases of 
this kind, in which aecidia were proilucetl the summer through and no 
uredoopores, while in autumn teWtospores were formed He has more recently 
stated the general conclusion {flora, 159> p 394), that with the«e species of 
" ’ ” _ » I > I . ‘o^pores, but no uredo 

when no iH.rennating 
Inch prwiiice a lery 
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ljost*‘?iiecic« I lm\e incMously shown,* uitli re''iri! to the 
imstlctoe (Vticirm aUmm), that the <hncrcnt forms on I'lnv^, 
Ahr‘^, nml \nrious hroail-lewcil trees, winch some authors rogsrd 
as distinct Kpccics, mi'*ht equalK well Ik* regarded ns forms of 
one sjitcics dillerinj* slightly on account of their chirercnt 
substrata Mai;nus - desij'intcs as ‘ habitat-races ” tliose forms 
of heteroecious Urodineac who’'e nccidial generation lias become 
adapted in some \ai\in" device to <ach of llicir rcspecti\c 
species of ho^t-jdant Hius tlic \anou8 forms of AccuJium 
conxiiUnnac,<3\\ its diflerent ho<5t-j»laiits, he regards as forms of one 
and the same fungus, the Poccmui of which occui’S on Phnlam 
(trunditineca. 

The manner in which kucIi adaptations originate is indicated 
b} m} experiments with tltpnno^intmnyum Thus G. claxanae' 
fox'mc can infect lca\cs of Cintnfffixi and produce ncculia 
without failure, whereas the same infection carried out on 
Sorhu^ and C’nloxxxa n suits ni incomplete tlc\clopmcnt of nccnlii 
(see Table, p '*8o) In this wa> there might easily he pro- 
duced one form winch infected Crafac'/Ks, and another confined 
to Cifdonxa The same thing occurs with tlic ^n^lOU3 rcri(hmx(i 
of pine-needles, those, according to the nncstigations of 
Klelmhn are caused bj one oi otlicr species of Colco^pox mm 
from aerj different species of host-plant® 

The best examples of all, however, are presented b) the 
cereal rusts, as demonstrated b} Enk^son This in\estigator 
belie\es that the forms distinguished by Imu as “specialized 
forms” (bj Eo^trup as * biological species or \aneties”) are 
of common origin In course of time these haae taken on 
different biological chaiactenstics in adapting themsehes to 
the varied nature of their substrat their ^ arious host plants, 
so that in man} cases the} can no longer suit therasehes 
to the host-plant of the ongiiial parental form In fact, 'species 
were found with aecidia of similar shape when occuiiing on 
the same host plant, }et completel} specialized from the aecidia 
on another host They thus present a stage intermednte to 
that of the “ habitat races ” just mentioned 

Tubeuf, Botau Centt alhfatt, xl., 1889, p 312 

'‘Hediiigia, 1894, p 77, and 189a 

^KlebahnX vieTvs on this subject, along with further im estii^tions on other 
fungi, Mill be found m Ztxtschrxfl f PJtan tnkranlheiten, 189o, p 153 
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The curopC'\u Un-ilititio compri‘*c llie following fainilas and 
penen I’uccmioac (Utvmytr^ and /’i'/rimr), I‘lin',im<hc'ic 
{Tnphrafjvxwm and PJii'iigmvhum) , Mchnij>‘'omc (!/<•/« 
^[clampiOrdla, Ctxhjpto p\rn, C\tfi ^jtorxum, Chuj irngjii and Cion- 
nr/t»m), Gj inno'5j>oniigicai, [pymno^p>rangii m) , J ndophjllcae 
{Emlophilhnn) , also the genus on I crns 

TIromyces 

Tclcutospores unicellular and produced m flattened ‘^ou 
Onlj one teleutospoie is abjointul fioni cacli spojophoro 
Teleutosporcs uith a ‘single genii jiorc Lrcdosporcs accidu 
and p}cnidia arc not picsent m c\cr) species 

( 1 ) All fount of spoic piesrnt on the mme ho^t plant 
Uromyces ervi 0^ allr) (nritain)* Vetch nist Tlioaecidii 
are produced on I'icta htrtnta m ifaj and thioughout the 
summer Scattered amongst the aecidia are the son from 
which urcdosporcs are spaniigl) gnen off in earlj summer, 
the teleutosporcs are gi\en off ahundantl} from the sime 
son from Julj onwards The aecidiospores geiniinatt on the 
vetch plants, and produce therein a iu)celmm from which the 
aecidia aud teleutosporcs arise Infection b) means of sporidm 
derived from the teleutosporcs results in the production of a 
mjcelium which bears aecidia onl) Pjciudia (spermOoOnu) 
are absent m this species and also in V falae 

U fahae(Pers) [£f oioti (Pers )] (Ilntaui and US America) 
This occurs on species of J icia and lalkyutt Son are formed 
abundantly and give off both uredospores and teleutospores— 
the latter being smooth coated No p^cnidia have ab jet been 
observ ed 

U tnfolii (Iledw) Clover nist Parasitic on various species 
of clover Uredo and teleutospores art generallj produced 
aecidia have been found onlj on Tnfolmm lepens (German) and 
Britain) T tncainatum (Italj) T piatensi. (Denmark Britain 
and America) On Tnfolium rejKn's both teleutospore and 
aecidium generations cause swelling aud distortion of leaf ribs 
and petioles the deformation being most marked where the 
mjcelium has hibernated and produced teleutospores in spriu^ 

iTle chief authorities use 1 for tie occurrence of tie Urelineae in Britain 
an I North America are Plowright {Bnti»h Lrfdieae 18S9) an I Farloii an 1 
Sejmour (//o I It Ux fot U A America 1S91) (Elit ) 



u appcndiculatus [t/ (IVr^)] On «:p*-cie3 

of (15ntnin nml Aiiitricn )‘ 

U. pnmtilac On rnmln htnut i 

U. hmonii (O C) On .Irmrnn an'l .^httu (liritam flii'I 
L Amtrici) 

U polygoni (iVr^) On num ntui Jltvxrr (Pntiin 

anil U Ariitncn ) 

U acctosae ‘'direct On hmur 
U silenes C^clilLchl ) On ^Silntr ,iml Diunf/n » 
tJ cuphorbiac {b\,hutin > On /'njfurfii in Ini', 

ami «unic other «.jhcic« m Ximnca* 

U gcranil (0 C ) On <.nriniiini« (Ilritam and 1' Anicnc'i.) 
XJ betae (Per".) On Man^'tl urz' 1 iinl Olrinm 

ami I Anitr:c.i.) 

XT parnassiac (I» C ) (I.ritnin > 

U sabcorniae (I) C ) (Itntim) 

IT valenanae (''cliuni) On thuxctt (ilntiin) 

{i) Pi/cnuiin {yx niiog in t) to d a^rnha jnfhrert! tn one hi U 
rclutfd t rixhx nn! itlrtifit fh <« anvUur Jax^ 

Uromyces pisi (I’cr^ > iHrmin) I»irns,t Tlie ureKlo-i-orts 
nnd tilttito'-pori.s art tlt\do(M.«l in \anons «pecie» of 
Lfithi/nf* iml I'lcx I The ultnto'porcs are finelj punctured 
Tlic 'leculn apptir eri llm nmlir «urfacc of the leaf of Snjdiirlii^ 
Ci/jytii-* ui'^ and art prect<ltd h> p'cnidn 

\inchcd plants el Biijihoihut become coinpleteh chan^evl i'' 
their apptannee The sttnis ire much oloimited, and .as a 
rule rein nil nnhranchtd Ploweia. are cddoin or neaer prodticetl , 
if *10 tliL^ are ptrineiled ba nucolium and deformed The 
leases are «ihurt thick md roundtd off the\ ha'e a pale jreen 
colour, and are distant from t ich other on the ‘ihoot Tlieir 
internal structure is also considcrabl) niodilied AVakker states 
that the cells of the ine«ophall become enlarged while no 
collenth^ina is de%oIoped m the nbs ientzhng* gt'es the 
following changes the epidermal cells become broader, stomata 
are more numerous on tlie upper surface of the leaf, and fewer 
on the lower, the laticiftrous tubes below the upper leaf 

•Description illustration an 1 treatment m .N iorl Agrtc Exf*r Station 
Bull , 4S ISDi 

sjlajnns Btnehte d Man <?<* ISaS. 

* Untereuchung «1 A cron lertuigen welcb« dnn.li Rostpilte her>orgenden 
•wenlen Itiaugnral Dissertation 1-rcibarg 
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cpulcrmi<5 nrc mluccl ui n«ml*pr iiiterc«.llulir «juco9 nro fornu(l 
in the nonmll} comjnrl jnh's.ulc jnrcnclijnn, nnd it*? cells 
become «!hortcr nnil bmulcr wlnlo tlio«c of tlic ^i>on") pircii* 
chjnn are nicrca«e<l Itoili n» «i7c and Jinnibcr, Iht libro \a‘iciilir 
bmulles remain unclnnpiHl nltliou^h tlic cells surromulin^ tlicm 
niaj be more nr less abuonnal Where tluckcning of the stem 
taVes place, it is clucth due to niMltiplicatioii of the cells of 



PiQ 1«0— yonyffipu Comparl'on of 1 ealthy flowering j>Unt of £u;)/a ti Cl 
Cspansi <i< with a mud elooe ted non flower! e rUi t hcarli g ccldlo of T n 
rust (y Tubeufphot) 


corteK and pith, while at the same time those of tlie cortical 
parenchyma become somewhat enlarged and altered m sliipe 
the wood) portion is less developed than normally , and 
laticiferous tubes are neither so large nor so conspicuous as 
usual 

The aecidia of this species are found oiilj on the lower 
surface of the leaf, they are saucer shaped, and ha%e a broad 
lobed white margin 
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As n puMnli'?' mcisuix it wittld le to keep 

tioun spiir^t jOiius iitnr fiJtl- or jrmkns ^^^Kre jhis 'irt Iikth 
to l»o attic V ihI 

XT stnatus bcliroct (I Vininci) I redo and ttlcuto«]>orL'* 
on sjKCits of /></<'•• l/c/ir77t> Tnfoltiyu anil ‘cnmtnm.-) 
rvcmdn and ntcidn an pnxluad on lijfitHtt 0//»fn<tws 
till nnccimm indncis thin^is in iht tisMii s simdar to the 
preceding sj>ocjes but the Iiphrlit rLinain^ «luntLd in-teid 
of elongating ns in attacks of (/ pisi 

XJ dactylidis Oltb Lrelo and itkutosjvires on sjx.cics of 
7’(Vf Dictt/h^ .lica/r and J roc/ m \icidia on scicral 
sjKCiC') of ] onvneulv^ t,not »« 7. iirirw) (ItrUain and US 
Ainenc i ) 

XT poae habh Uredo and leKuto ports on J'n, \itidn 
on Jojivnicilii* Iicorn J! / i/lU i uid 7 ny c/iv (lint ini) 

XT lineolatus Posin (C Plonr)' Undo and 

tolcutosports on Scuju/^ montimu-^ \etnlnl forTns= IccuUi/ri 
sii lafijhln on Sium and iu /itjpin/is on Jfipjuni deo i 
foiin on Gloi T in nmun 

XT junci Desni I redo and ttUntoNjHjns on specie- of tfirua 
Acculn on Pithcayin (Hntain and I America.) 

(5) Onhi iircJt pirn', timf tlcut^.} ; % fmnn, t/icif /njicii/ 
il c, «ntiK /at./ 

XJromyces caryophyllmus (N.limnk )* L irnation l*ust [Tins 
attacks carnations it lU sta^^es of growth Tbo nncehiuu extends, 
insule the plant and fonns spon patclus winch rupture the 
epidermis Uredospores are produced hrst then the teleuto 
spores the former gorniinati at once tlie lattir onl\ afar a 
resting period The use of sprats of potassium sulpliulo or 
copper sulphate and the ciiltnalion of hanl) \anoties ha\c been 
lecommcnded'j (Xidit ) 

XTromyces scutellatus (Vhrauk) On specie- of EnphMi^ 
The micelmm is pereiiunl in the rootstock and pcrnieites the 
whole plant Teleutospores de\ eloped m dark brown spots on 
the under surface of learts Diseased stems are geuerill} un 
brnielied and carr} oiilj small lewes and no llowei-s 

•Plowright Oanli ers CJrwitcle 1S90 

"IlaUtet V Jtr^c/ A'jrte Coll hr/et Station /'cMrt 1S91 Atkin«oii 
‘ Cirnation Disea^ie** l«ifncn« Car atoi Sot with III istratioiis X lorl 
Ague Exper Static i U dlttm IS96 
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U tuberculatus Fuck On A*M//orfci« rmiit 
U prbemtnens Dnln Oji KjxciM of rttjfirbiu 

U sparsus (Kmm* et Sc1m> ) On Sp^rptlan f, nixl ^'tclhtnn (nrUiin). 
U Schroeten LK Tuitt On /.ycAnu aiiiI Sdtnf 
U cnstatus Sclinut it NniO On I'm trtt iiul l>itnlhi» 

U ficanae (Scluini ) On Itinunrubu /imn r (iSnlnin mid 1 
America). 

U astragali (Opir) On (I’ N kniincn) 

U genistae (IVrx) On btm»ta, Cvtitn* Colntei, (Jalrja, Cirwjtna, 
Onybr^jcliM, etc 

U anthylHdis (^r«.^ ) On iiul Lupmvi (Ilritaiii) 

U. lupini Sicc On Anurioa) 

U tngonellae Pit On leiMiof Tntjoii>Ut Fo^nnm grurrum in Fmici 
U glycyrrhizae Ihlih On Gtgryrrhi n 
U cacaliae (DC) On S'^eno^tglc$ and ( nenU > 

U nimicis (Scliiim ) On Unmet (Itntaiii) 

U alpinus (Schroet ) On Unme-t alpmni Ini riiciitl) sep 

amted tins *n the single speciei of a new goius Schroetenaster, allied to 
fTromyccaand Pueetma The uridoiporci arise from jiatclies of hterigmata 
nithoiit peridia or |karaiili>«ei , the\ an iinicennlar and hate lateral 
germ pores The telentoipona are alio unicellular, and form kiitil shajied 
patches compond of fue or more lajers of sporei , tlie spores hate a 
somewhat thickened apex, Imt no distiiiit germ pore 

U chenopodii (Dulij) On C/<r«ojw)'/i«m and iicholerm 
U terebinthi (D C) On /'mMcot and ///«s{US Amencsi) 

U. brcvipes (B et IL) On A’Aim Tojticod^w/rou in America 
U ambigims (DC) On Alltitm 5coro<foy>miKwi 
U. acutatus (Fuck ) On iUtitm 
U veratri (DC) On Veralrum 

U. alclieniillae (I’ers) (Britain) This is a species tthicli 
m habit resembles a Phrai/mulmm, and is sometimes regarded 
as a representative of a separate genus — Tracht/bpora (Fuck) 
It forms patches of reddish-ycHow nrcdospores or brown teleuto 
spores on tlie lower surface of Icaaes of AlchcmiUa lulgaiu 
Aecidia are unknown 

(4) Pycrtulin, accidta, anti lelevto^wrcs on the !>amc hod-plaiit , 
urcdospora uni nown 

Uromyces excavatus (D C) Magn On Eiiphvihin Gr,- 
nrdwTin, E xcrrvco’ia, etc 

U Beheais (DC) On Sdene (Britain ) 

U lapponicus Lagerli On Astragaliu in Norway md the Alps, aecidia 
onl^ in the latter locality 


Berxehtt d dtulKck bofan Ot , 1S96, p 130. 
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u minor ** Iin-Cl On TV*/" /*»'»« wKw/nmn (T Atnoncn). 

U hedjMri obscurl (I> (*)■ On JIfflv ’rnix m Fnmj» nn 1 Aniirn-i 

U BcrophuUriae (I> O ). On .‘>m/ i mnl (ISrinin). 

U. er7thfonu (D (') On Snll t, Mhi'n, FnUthnu 

(r Ariiorin) 

(.') Tthvto^pifrft tdonf hmirn , o/kT ikath of thf hot they 
vvilrryo « then qrrmintife 

U BolidaRinis (‘'omni ) On Situlutx rtr^jtvrn 

U phyttumatum (0 < ). On /V.«;(r«Ha, r«« nvjv'vmiHl l)S tlmiptnm >( 
tin Unff-tilk 

U BCillanim (Orc\ ) On aikI Mu»‘-iri (nnl'iin) 

U ornithoRali <*n Ornttf 1 1/ ihtm aixI (Hritain ) 

U colchiCl On l\rtm fj’rffihtiM nt Ki w • 

((i) T>levto'>porf'i tthme / noint , nntiKiliny ttl cnee on the 

III niff /«<■»'/ 

U palliduB JJk***! On ( i/h/iHit 

(7) Onhf telentnsjiort^ fiiiif ju/eini/iii t nov'Ji , present on the vr>/if 
holt 

Uromyces Teppenanus ''i« lliw tiusc? on twigs and 
hraiifhcs of Aeticui n dcfc»rm'iiion coijsmung in nn all round 
awdling followttl b) nij*tnr« of the |m ndtrm and the dc^clop 
nicnl of brown ttlciitosjKin jMtclitson tin c\i>ove(l wood Tcj^jicr 
found m '^outlj Austr.ilu shrubs of .Irnna ^nlmnm ami A 
vn/rft/vh(i attained and ktlbd tlio former near Adelaide, being 
almost exterminated He idso louiid it jireialcnt on Arana 
spniesrdii, A lull mufti and A iitj/rfi/oliu in another jnrt of 
Australia (Murray I’rnUi) 

The Piiiic fnni'us aeas found be AVnrbnrg on AU'XZXia inontnna 
in .Ia%n. hkcwisi b) bolnis-I^auinch and ’staid (Tig 181) 

Magnus^ found that AVaiburgs specimens shownl the rupture 
<tf the rind onlj on one side, those of Stahl, hn\\e\cr, agreed 
with tlie Australian specimens On iincstigntion of the galls, 
Magnus found a nuiltiscptale and iiiteiccllular in}celmm with 
numerous and somewhat brancheel haustorm The formation 

'OrftxUfn XXT , 1802, p fi 

*L\nlwij,, “1 mo nciio Itootkranklieil nui<tmliiK;ticr Aknrien,” C<ntrtiU!nlt f 
llnktr « I’aramntXxinilf, 1S90, p 81, fiirtlicr Jftiliciiia, 1SS9, mil J orfi 
hrh iintxirifx** /eil’rhnP, 1801 

*Mnj,inn, fCr it iUultrli, holan Oetll , I&02, p 195, Hennings, 
Wiirbnrtjinnt, //rdin/ia, 1801 
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of ji}cnuli'\ precedes lint of tolcutosj ori“ The htter ln\c 
'\ iHltentd conca^c bi«t aiul roiiiulLcl ain.’c llicir cpnjmniim 
IS marked with dclicalL nbs running from npev to bnt 



Faccmia 

Tckutospores two celled and each abjointtd from its o%\n 
sporopliorc from large distinct son Jtach cell has as a rule 
onl) one germ pore Uredospores teluitospores and pjcnidia 
(spcrmogoiiu) art. not known in all the «pecies 

(1) Pi/cnitli i (tfci lia I re lo j)ores and tclci to<ip res dnelop on the 




110 


ui \i 


fuiuj lio-it 'Ihr htf,,, hmitiu, t/rrunuah onhj on d<oth of tlo- 
ho'it mill after a rr^tniy j rtoil (Ku jmcrinnr Sihoefu) 

(a) Avtn/jiurnnia all fanuK of m, „( „„ (},(■ 

ho^t plant 

Puccinm helianthi ‘'chwtin sinilNiui r ru*.i Tin-, (hii^tr 
Otis intiii} of Ifehinlhxi^ wn** lust oh^triitl m ^otith Csroliin 
and rcnnsjhinia US Aiucik i In 1 urnpo it apjinicd fir t 
to a sprioiis extent in Utmsni ulicrt the •‘iinlluucr is ciiltuntcd 
on a lar-iP ^cik , inm it Ins a \Lr\ ^ciRnl (Ii^tiilaition In 
Vnionca it attacks liolh aimilouLi {II amiifaf) and Itni‘‘ilcai 
articlioko (// tab nt iis) hut ns pres nti on tlic latter is as 
jet doubtful in I iirojK JIr iinetliiini ajijitirs fir'^t in tin 

lower pirts of tiu idanl and ihun. extends iiimard«, its 
l>rcscnce is nnlicatcd bj lir^t Ironn b if spots, on wliicli the 
uredo patebes arise about ih, nil of I„m Ihi teleutosi.ores 
make tlieir appe nance in autninn tin itcnlia and p\rmilia in 
spring {Air lohanfhi ^\ oj ) < oml itm nicasines con«i«t in 

buniiii^ or otherwise dostroxm^ ill sunllower debris in autiunn 
P cirsii Schi.et i)n ( ,..h„s h,„.,lati (Ilntain) 

P prenanthis (I’crs) on p, lactma and l/»/y 

itiinn (Ilritain and 1 s Aincin i ) 

P lampsanae (sclnilt/) (llntain) 

P montana I ml On Cmtu , a 

P violae (Sebum) (ilntain ami I ^ America) 'ilie Violet 
1'^* on both wild and cultivated species 
of Im/fi and fuquinllj causes much dama^'C Malformation 
and fituntin^' of the host maj aciompanj the foimatioii of 
aecj( la rnitzlm^ investigated the swolliu out^trowths pioduced 
on the lower surfvee of the xiolet It i%ts ind found an ineixase 
m ill forms of the leaf parenchj ma , the spongj parenclnma 
me 11 e mure cells while both &pon"j and palisule parenchvina 
consisted of rounder cells more closclj packed tof-ether than m 
the normal 

P aegra (»iovc On 7Vo/« lontula etc and somewhat 
dinoront from the list species (liutam) 

P mirabilissima Peck On Beihrns npni'i in Ameiici 
P silenes Schroet On Silene and Lychnis (Bntuu) 
pimpinellae (Strauss) On Pimpindlu ChacrojihyUuin 
Ant/aiscui Mi/nJn>! Athaviantlia Ostcucum Anychea Hciaclcum, 
LJiynijium, etc (Britain and US America) 
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P. saniculae C?re\ On Samniht (ISninin iind 

US AiiKnci) 

P soldanellae (OU) (nntnin) (^ji \ mous spoctts of 
Soldnnrlh llns is often ^cn couniion in tlie iiimintiiiifl, 

iiul IS conspicuous because il attacks onl\ IcaNts lure and tlicrc 
on a phut Ihc lca\is are jelbmish witli petudes distincll} 
elongated, lltcii himnae, winch btir aeculia on tlic lower side, 
ire sinnllcr and somewhat cupsha|Hd Diseased plants ilo not 
seem to bloom 

P. menthae (Ters) (Untam ami U ^ Ameiica) 'Jlus is 
i most dcstructiM rust to all kuuU of cultuatid mint U 
attacks species of man) t'tnera of Labiatne 

P. calthae Link and P Zopfit \\int On CaKhn pn/i/'/zis 
in Europe and North Aintnea 

P. epilobii tetraffoni (DC) (/* puUnulnitn (jre\ ) On 
Epxhhivm (Dntaui and U s America ) 

P Peckiana Howe [/’ nifos/ifia/is (*Nc)ilccht )] Tins species 
occurs on sc\cral sjkicios of Jluhvs in America and causes con 
siderable thtnage in bhckbeir) culture* 

P gentianae (Stmiss) On (lentiaa (Kiitni) aiul U b America) 
Pgalufl’ip*) On t/afiKu amt Oymf/a (WomlrniT) Tlie teleutospores 
lu)H.rnate nil tlic ileail stems (liritaui ami U & Ameiica ) 

P convolTuIi (I’or* ) Ot\ Contidtul"^ (lint lui ami U S America) 

P primulae (D C) On sjiccics of (Britain) 

P obtusa Sclirott On *^{iUia tcihctllat i 
P thesu (Desa ) On 7/<t«K»n (Untain amt U b America) 

P albescens (Orel ) On idtia Voic/nlfiftna (Britain) 

P anstolochiae (I) C ) On irulofochta 

P asparagi (D L) (Unlani and U S Amenra) Asj anpiis niit The 
teleiitosporc^ lul ernate in drj renniiH of the |ilaiita winch shonld therefore 
he burnt ni lutiinni 

P porn (Sow) Uni >n nist On Loth wild and cultivated Allt'cm 
a metnnei verj destructive to chives ( I * foen jnsum) (Lritain ) 

(b) Hiteicupurcinia Urcdospoiei nnd fcfcHfo'^wrcs dcieloped 
p/i a othn than that of th jxyentdtn and avcidia 

Puccinia gramims I’ers (Jtntaiii and U S America) Black 
rust 01 summer-rust* I rcilospores and teleuto«pores occur on 
\arioiis species of Cinmincae the p)cnidia and aecidia on 
species of Unbent or ^lahoma 

' Clinton in Ptjnrt of Ij/i lowtfwnf ^rafiON of Vn\\tr%\ly of UlxnOM 1893 
*A valualile inonograpli on the rn^ts of cercsls has l>een pubbshed bj 
Fnksson and Henning (Zlie 0 <frei /erwte ''tockholm 189C) 
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'IU< t' I' in* {roui ciisIum^ or ‘-•n 

whirli fonn t-1 u ^ lin' ' on th* liiulnj'* iii'l Ica\c=‘ of 
th<\ hilxrtiiU on tli* «I -/aj***! r* m iin-* an 1 rrninat* infji'-- 
yii'h c» II tf a rriiirntin^' t* 1 tuo f* r*- 
o*r a fours'll**! I/a« 'Imni 
filinm) with '•hort fn ei 

rtf It of uhioh a (pj-f n 

IS atjoiiiiffl (fi„' iSJi TIjf ‘Jj-rm'ln an. 
cim'**! o’f til* ,rra.«' ho t arnl a' 

orK.< if tli*> alight on J^-ases or (’own* 

or V*// nw If* .5) (f'TT.i* 

an fortiK-*! whirh jxnitratf th< otjf^^r 
walK «f th* lift in’o thf tp fl^’naa! c» II- 
Tlif iii}(fliuni uhnh re‘‘Ult'« a LrtD'^I ‘‘•’J 
on* an I ‘pn-ac]- throu^^J 
ftllular of th<* ]o-if AlxitJt eishl 

'I iss afi* r inf'-oti m htil*’ scllow imk* 
ih* tr apji* iraiif* on th* opp*r surface of 
ill* I* if <} jn til** sjiots will I-** 

foun*! til* p\«ni«Iu (-j)* niiojrorija), *phcncal 
tla'h «hi[»o«I ffjflo un-a licvtlop*'! on a web 
of lispin** an*! with their inner wall* chJ 
with fh *ri nxl shaj*ril c*jnnhophores f«ten_'' 
nijta> «*ach of isfiich jiists off i tin) com 
diuiii <i:|i* niiatiuni) (I-i^* 184) A tuft of 
fKnpInsfa an«in^ from tho upper i^art of 
thf p)(ni<lium wall carries th** coriidia out 
of thf p)CDiIta in drops of a hones -I Ae 
llui«l emitting a characten«lic odour In 
rc-^3r»l to th»* function of the^e comdia 
nothing (Jefinitf* is I nowai 

Tlif Hf-xt sta^e l/*gins with the appear 
tio t-L p„'r.u, yT«- ance of scllow «!rH>ts on the losser epiderTm-“ 

tAU f «ni Ida tn^ 1*1-^ tn- - , * * , _f 

jp-zf- TLfl iT/inyceUjBi ofleisc** Tiie«e iiifucate the pre«*nCL oi 
a msctliuin from svhich the aeci'Iia take 
aijjnrttrfi (AnrTiCun*) tli» ir Origin. Tiie aecnha are at nrst en- 
clos«l 111 a on* latere*! pendiuni under 
the hafepnJfmiis till b) their increasing f>ize the^ rupture both 
eovenrig**, and project abose the surface a.s cups conlJining 
fifKircs flig. 184) Tlie iecidio«porcs onginate in a lajer of 
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lijplnc fonning the bottom of tlic ncculuiin ctip 'lht«c 
gne n«!c to numerous short sporophorc* from cich of whicli 
n single long clnm of s|K)rcs is nhjomteil m basipctsl succession 
the spores being nt first sepnritcd h\ tciniwnr) mtcmicdi'itc 
cells The sporophorcs ronml the iinrgin of esch nccnhuni do 
not ho\\e\er gut off spores, thtj also product clnins of 
cells bisipctallj but these grow larger and without the niter 
\cntion of interinednte cells remain sterile and become joined 



to their neighbours to form the pendium Diseased portions 
of lea\ es become considerably thickened The cells of the 
single layer of palisade parenchyma are abnormally elongated 
and the intercellular spaces of the spongy parenchyma instead 
of being large are small and filled with myceliuii The aecidio 
spores escape in July to germinate on Grammeae The germ 
tube enters the host by the stomata only and deielops into 
an intercellular mycelium this m about eight days produces 
uredospores from cushions or son which form lines and break 
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the nrodo'spnrc'^, ilc\oloj»eil from lonj? *<poro{)liorc'<, atid are in 
this uaj di'stinmiishcil from tlin«e of JWc. n'hf'/o-tna, which 
are \er\ short The tclciitospores {jtrniunte in “prinj' afur 
hibermtion, each cell giving off a Riiigle gcrm-tiihe 

lloth nrodosporcs and tclenlosjHircs arc inpirious to oiir 
cereil«, — wheat, oatn, ami ije They nu} also bo foiiml on 
the following Kpccics of grtsves Ayithoianflnm, Alopccinifi 
Phintm, .lun, Atcnn, Jtnzn, An/trunlhrn'm, 

Dnctyh'i, Fistura, Ihmiv*, Triticum, &ca!r, Ebjmv^, llouhum, 
Z(>h»m, Aijropyrinn, AnthojXMjun, Ilryzopiirmn, etc 

The disease uiaj nun a whole harvest of grain, and rendei 
the straw disagree iblc, if not dangerous, for stable use {->00 
al«o p 84) l‘enio\al of barbcir> bushes is said to reduce the 
rust, although mail} believe tint the barberr} is not necessar} 
for the existence of the fungus.' I’lownght, for example, found 
that spondia from telcutos|>orcs infecitd wlieat*seedhiigs directl}, 
without intervention of the accuhos|>ore stage It is also poasiblc 
that the m}cehuiu hihcrnatcs like that of Puce nthiyo-toa, m 
some wild grass, to grow again and province uredospores m siiring 
Jvo vet} cflecUsc measures against tins tungus are known 
Earl} sowing has been suggested, ami certain varieties ot grain 
known to be less liable to attack than otliers, might be used 
Eriksson and Honmng,* from the lesults of their infection- 
experiments, have provisional!} distingmslied the following 
varieties ot P f/iamims 

A Definite — («) distinct varieties 

1 Var srca/is on Stcale cmalc, Jlordivm tuh/air, Trificum 

repem, and Ehjmns aicnatw^ 

2 Var niriufc on Aiena sainn, Miluan cffiisvm Alopccinus 

jirctensis, Dadylt^ glomnata (and Anna ilatwr) 

3 Vai airnc 011 ctu$pxto>a 

(/3) somewhat uncertain varieties 

4 Var agiostii on Agtodi'i tantna, and A doluin/ira 

3 Var pone on Poa cumpres/ta (and P ;>rn/c»si«) 

P Xot sharpl} defined 

C Var on Trilienm tvlgaic 

' An interesting (Ii<cii8su>n o( this snbjCLt M given by VV or (• ''mith {Df'os'K 
of Cro/iK, Cbap X\\ ) (tilit) 

*Fnk*-*on anil licnning “ Untersnchunceu ub <1 (,etrei leroste, Ztttfh 
/ /ynH.enZ™ni/<nf<H, 1SH 



Puccinia coronata Conla (Ifntain and TS A^le^c^) 
rnk‘S''Oii, from hts own eviH'niiitiitH and lIio«e of Klelnliii, 
distin^nislic s tlu followiiij; sjiccinli/cd 

Soi. I Atcidia on Jihnmnv', cxtJmrtica, 1th {tofoulc'*, Ith 
ijntmhfvlxtx, Ith xxUwfylxn {Pucumn curwufrm Klclt ) 

1 Vnr (nfun> on .ttmn sa/iia 

2. Var nloprcuri on .l/oji^ciu rt j»rf>/rii<is 

n Vnr /citucnc on Fi^tura tlalun (and F n'h/n) 

4 Vnr. hill on Mtmn junnnr 

III a<Mtti(iii to till'll*, Kklnlin found i form on Ae^n t ftih r, niid one 
on llolenf Imtatiiti, ni ri/nn! to wln*»« i‘|h cnli^ition nutliin^ h kIln^wl 
Rci n Aecidm on Ithnmnvs Funujtth (/’<<('e!at'e caryaak' I, 
Klcb ) 

5 Vnr lalaningiostt'^ on Orhrmu/io'.tt^ ari'itiluidccd (niid 

C hiioohta) 

In ndditnui form<( on ghtKfit t, ((/’aft: 

ffibb^ro*<i Lagerli ), Affroftn tuhan*, llol ut (tiiatiin (? If molUs), niid 
Phulnris <trui\dxnuc<n 

ber III Accidn on Lhamtu't ththunrit (Pucc nTonatn tar 
hmalcimi, Darcl) 

Itulian farin'^ on Drac/i^po'lium fjfuiltonit, {Pijiiothtriim hohiforne, and 
Fe^tneii gu/antea,) of nlncli nothing ni« rt is knonn 

Ser IV Aeculift \mknos\n i»roUiW> do not cwst. 

(5 Var mchcai on ni'tans 

Amongst our cereal crop-j tlie oat alotie js nitncked b} lla» 
species, and much dninagc iiint rc'^ult 

The uredo patches ha\e no paraph} ses like the preceding 
species, and the} form redilish-}ellon sjiots nnd stripes, the 
teleutospore-patches are black The upper cell of the teleuto- 
spores IS surrounded b} a croun of si\ or se\en blunt teeth 
The presence of aecidna on Ithnmnu^ is accompanied b} 
thickening and twisting of }oun" shoots, and blister like de- 
formation of Iea\es, calyces and o\anes "Wakker* thus 
summarizes lus in\ estigatioiis on the anatomical changes induced 
b} tlie fungus on Phamnus Fiaiigula " It causes the cells 
of cier} part to become abnomiall) enlarged, at the same tune 
giMiig nse to an orange coloration of the cell sap and an 
accumulation of starch , there is no longer mi} formation of 
interfascicular cambium, and there is a partial or complete 
I aVakker, PrtHg^ttnC* Jahrhnch, 1892 



supjircv*«ion of ^ccoinhr} nmcilige ciinl-* nm1 cilcuim 

oxilitc’ 

Tilt, tlcfonintion Jtuluccil l»j /’ coronati on Lhavin} i cnthajhat 
\\'is inM^tig^tcd l»\ l-cntzlin^* The clnn^cH were rohii\cI\ 
eliglit the p'lri.nclnjintou'? cells of the nnd wert enlarged 
and Pepnntcd li\ hrgo inlcrccHulir spices so al«o the paren 
clnma of the Kast \cseols were more numerous in the nood 
affected the epidermal cells iti some parts of tlie leaf nere 
broadened and those of the iiiesoplijll enlarged abnormall) 
shaped, and nith large nitorccllular spaces, in diseased leaf 
stalks the epidermal cells arc thinner walled and broader while 
all parcnchjniatous cells become cnlai^td thinner walled and 
With manj intercellular spaces, the flbro-^ascula^ bundles are 
enlai^ed, chiell) from an increase of the wood parenchjma, this 
tissue m normal petioles occurs as single rows of cells running 
radiall) between the aesscU whereas in diseased places, three 
parallel lajers of cells raa) Mjparate neighbouring vessels 

P dispersaUnks etllenn Lrown rust (Britain) The follow 
ing specialized aanetics of this species ln\e been distinguished 

Ser r Aecidium on Anrhu$a oncHSw and A ojicinalis (Aec 
anchusar) 

1 Var ucctltt on Seenh ccicale^ 

Ser II Aecidium unknown (^^hether distinct aaneties 
somewhat uncertain ) 

2 A ar tntici on Tnttctim xidgatc 

3 Var hromi on Bromvs nriensw (and Bi hn acfoimis) 

4 Var ngropyii on Tniicim xepfvis 

P rubigo vera(D C)(P ^/ximrntsFuek. P sina^omis tVest) 
(Britain and US America) Tins, m its uredo and teleuto 
spore stages fiequents various grasses while the aecidia occur on 
Bora^^ineae A \ ariety on species of Hordevm has been designated 
P simplex The teleutospore patches are enveloped m numerous 
V'«\% 

The anatomical changes piodnced in leaaes beset with aecidia 
have been stated b) Wakker as follows The swelling of the 
leaf petioles is due to enlargement of their cells , the la^e 
intercellular spaces of the spongj parenchyma are no longer 

iPentslmg Inauqural J)t Hrtalton Freibarg 1892. 

*Founl along with the at Montrose (Scotland) by Prof J W H 

Trail (Edit ) 
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pri'Mit. ill'* liv.r Ii ilfiiM'*!, find riiptiir* if llie 

I |.id< nini nki plirc, <hlon»|»Ii>ll form ilitiii jh ‘ojppri ^•<•.1 l!i< 
nil siplMioiii 1 \(Uo^\, rmd j-lmli tMo!-* to nnnumhlo 

/'. iin\ m noiin diiin^i to wlinl nti'l r}« , i' 

ri //»'/' iTo nl«) on Imt1i\ ami oil** Tin* ‘>)Kiri -ii-Jli In *» nt* 
fmiml on i-t ilk*! nnd 1* till'* mon ttmi on tin Iiiniin Tlic 
iiiM-Mnun nn\ hiln rinli* >n « *■«. tint llit ftin^us !•» >?->• 

ill piMiili III on till* II" iilnl ^tn^i fur tins n t-oji t!i' iIhi 1*=^ i** 
not t isil\ coinlntis! 

P. glumfttum link-* it lliun <»oMm\ rnsi Tins ‘'Js.ck'', 
lutlurto uiMinllj iiuhulnl ijinlir /’ mh / t-,n (I) (’) Ins l>^n 
‘•ipintnl In r.rik'''on nml IImiiiih^* Iajm nnunt i! jnffCtJ"n 
on Iloriomi K* 

l*rjk«'*on s tin fulluuin^ -{Htnlirfil sanctt-' 

tins s|HC.iis 

.1 l)i finite (mill timlonhli'ilU 

1 V \r (ritxn on 7*it(u-i«iii ri</>;tir 

2 \ nr luinUi on Jfi-rt/n m (‘oiiKuInt imcirtnin) 

Var on > >ip>ntn$f 

•i Vj\r (t'/rupi/Ji oji i'f> H\ 

JI Not vli irpl\ ill lim.ll 

o Var on N m/» ••nnh 

'llie lui ilosport «<jrt aro UmiuhmIIow in tolour, nml form 
UiKS on the lonf hlmh \\ln«h uns run to^clher nml ti ich n 
kii'^th of 10 min Hit ti li Hiu'.|iurt. M»n form lon^.', fine, hnnMi 
01 black lines tin -ori arc iIimiIkI into muncrons tlnmbor’’, 

I icli cnclostil in a oircli of curtiil bronn pamplnscs Ibe 
spores uerinJintc m the nutiimn of the *ime ^car The pi"^* 
lu^celinm is jellon till the spores are* nbjointeil , in this 
It is (Ustuij'ui'ilieil from 1* 4h>jHis<i 

P poarum Niels (Ilntam) I mlo nml tclcnto-pores on 
}\ki Accorilnij' to Nielson, the aecidm occur on 

ami .Ulrnnsti/lr<i rentrliii.' {loc cit) has doscribed 
certain amitomical chnnuis which acconipanj tlefornmtions ilno 
to the aeritln 

P phlei pratensis Fnki et Ilenii Tins lias a liilicniatinc nncelium 
tvliidi produces uredospores continuoash on PhUuni and probsbh sbo 
QU Ft^tv/'a Aecidia have not as jet lieeu obaerted 


* Fnk'isoii anil Henniiig i^oc cil ) 



P a^sUdts ri>wr' T« oil Jjnyrit Amtlntm^ 

Iff <?/»i/p7iTP I’rrv (Ilntim iinl I Amprui). 

P festucae 1*1 >«r' 1 n'l » a»Ml l« 1« titt»«j«>rt h t ti FrtUirrt orm i ami /’ 
til riii/rt ^i7 apciliuin^ Iff pf^ncffomt S.Iitini (nril'iiii) 

P phn^itis (S:h«un ). I r«-«l > nnl (clniti>']i>>rr4 ni PJromwl't 
\«>ciliiim= 1*v rulfthm «n rntjit nil rtlicr njHfic^ «f 

al«o in AVrifni (llnlini ami I '' Aliiirica,) 

P Trailii riowr I rtal > atul t«I(iit< iJm r< i on /'/ rtt'rnitrn roinmunm 
on 1,11 I'r {rfto’i (Itntnii ) 

P Magnnsiana Korn Ur*il> nti I tcliu(o«|M ith on comMiifiir 
\p<.iluiin <n /'iiimiPii/iir (ISritaiti )* 

P molmiae Till rnilo-aml t«ltnto«|»orca< ii Aecidmin 

(acvi nliii^ to r >'lrujinnwl-of «1 «k rci|Krinifiiti) on Orel t» rej-^nt, O tinucrtfa , 
pmlifiMi al'O on otlur Orclntlca* (Ilritam ) 

P nemoralis Juel trrl>- nil telentfwjn ixa on \foliHt t co^ntlea , 
aeci liuni (In ii'lantj /rt Krt rt Silim ) on Jle! imp^niri pntrnt* 

P australis Kum L rv»lo atnl tolrnlo*}*<tri« on J/o?jniu m Tirol, 
arculuim ( I'c frfctini, Rcconlmjr to l*ii.>clike) on .Wi/w rejiere,S werr, etc 
P perplexacs Plunr Ureilo ami tele«tO'i>ore« on J?opfc?»rM;>ro>nm , 
aeciihiim on /Zo»«HeH/u» <t<n<» (Britain) 

P persisteas Plowr On Trtlicum rep^n* Acciilnini^.le-f iKahetn 
(Ilntain). 

P seslenae Peich On S^tUna <x>pn/(ew Acdcliuni on Iihamni.t 
nxatih* 

P Wiatenana ita^u* (/’ Sclni) Uredo and teleiitospores on 

PI thn» arundinncea Aeciduim on Alhum urtinnm ( Jre o((in/um Ilbli ) 

P sessilia Sclin (incUidin^ 7’ Soppitt and P /wnrfu Plowr) 

(GnUin) Lredo and teleuto«i»orea on PhaJaru arundinacea Aecidium, 
acwnling to Sojipitt,* on CbnrfiW<in/r maj<th$, also on J/a^tznMe»iuin, Pan*, 
/V jgonatum, Lilium canad*n»' and StrrptQpu* Isinilacxna Klebalin’s expen 
nieiits confirm the relationship of the aecidium on J/fyanf/emuni, Coiiraffana, 
Pdi/jonatum, and Pam 

P phalandis Plowr On Phalam antndiRacta Aecidium (.Ire an) on 
.triiri ilahciim and .1 maculation (Bnlain ) 

P agropyn EIL et Er On Ayropyntnt Aecidium=^rc clemaudis 
D C on Clmiatu Vttalba and C recta, etc., in Europe and America 
P cancis (Scliura ) (Britain and U S America) Uredospores 
and teleutospores on species of CVirrx Aecidia, according to 
Magnus, on Urticti (Fig 185) Tlie same author aI«o believes 
tliat the uredo stage can hibernate 

• Plownght, CrrnWriT, sxi , 1S93, p 109 

*Klehahn (ZeiMfJi / P^n-rnlraRl^iteR, 1802) confirms Plownglit'a ohsena 
tioDS on this. 

•Magnus, //«fio^»a, 1894 
‘'^oppitt, Jovntal of Botany, 1S90 
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I Ik uiiili "j n pfi iri 1« lui u ni nlitii ah I f rta 
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lui^tli of Idiiiiii 1 111 t< ll ui< "|H>ri "« ri f nil 1 h_’ Inn liio'^h 
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I nil (thln'.iil 111 i iirili tf «iiTv« I broun j iripliV"'- 

sporis ^iiiiiihUi III till imiiiiiii « r tin "iiiiL Mir ilu p" 
iiiMchiim I" mHoix nil till an ibjmntiil iii llit" " 

It ihstiii^uislu I Iri m /' i/i j /vr 

P poarum NuN (Ilritnn) ( u m tiuI tilmto iHirt" on 
i< I Accouliii^ to Nh.I«on tin. uilkIii (Kciir on 
J' 111(1 hi /K^fyhs I Clit/liip (Ar ri/) liis ili'Cnl'til 
tirtain an itoiiiical cli'in^i-* winch 'ittoiiipinx iLfonii itioii" ilae 
to the acciiln 

P phlei pratensis >iik'« it Iltiiii Tliw Ini i lilHrintm? iinci liiim 
mIhcIi )>io1ik(s nrtil< sj) rei (< iitiinioiiilx on I'/feuni ami jirolvibl' il ’ 
on FiHnrn Aeiidn ln\e iiit ns xet 1 eni «1 erxiil 


1 rik>isoii on I Ilennii^ {toe ett ) 
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P agrostidis I’lour' 1 • on l^rnnfm nrf^trii 'irr'idiinn - 

-Ire ft ti' Pen* atnl V Xmcrin) 

P festucae Plowr’ I'n-.!** iinl t< » in h'ltUtr,! ortm ntn! / 
, nrcilinm= l<v ^wnr/vnoii Vliiim (Krit'ini) 

P phra^mitis atiil til<nliH]v>rr4 • ti Vlriiimtrt 

Vpculiiini = -lir rn^fUntn lU /»V»iri rri»ini mil rvtlnr /•jn.’cn^ <f Hmnn 
al«o o!i lUenni (Ilntmii mill I Aiiurtc^) 

P Trailii Plowr Unil » '»n«l t« li itl< ..Ix ni on Vlnqi^im 
\«culnitn on I'iunfr fr«'/o«i (lintmii ) 

P Ma^usiana K^ini Uix-.li> tn 1 lelnUi x|»< nx on /‘/ini /; lomm >i;iM 
Aeciiliuin in I'anvncMhi* rr/)r«* (I’rUxin)* 

P tnohniaelnl Un.ln nn<l t(KiitoH|inix-«»ii ytoUntn rorrute i Accidiiini 
{xcci nhn" to Ro«trujiHi nt of «l<x>rex|>riiniiiitH),oii Onhx* rrjirin, <) murula 
prolnliU il^o on otlur Orchnirxr (ISritain ) 

P nemoralis JucI I u li> xn«l Ulouto«|»mtx on \foliim ro ruhn 
aecKliiini ( tnffnxnj'/ri K/i tt Silmi ) on VJtnnj /run prifn** 

P australis Korn Urx-<lt> xu.l til<iitoxixirts on VuUnia in ]\iol 
aecidiuni (.Ire orrcf»»ii acc irilintr to Pir'chkc) on Sedum rejlexc, l> acre etc 
P perplexans Plu"r Umlo uni tcUntoxjiorc"* on 
aeculuim on /(aiiKiicufuJ am« (llnlain ) 

P persistens I’lowr On TnUcum re/>ciis Atenhnni a.le-r t/alictii 
(Piitain) 

P s«sleiia« Retell On Sesfena coeriifeu Aeeniniin on Uliamnui 
M ratlin 

P Wintenana Mign^ (/* sftti/tt, Scliii ) Uredo xnd teleutospores on 
iVt arundinacea AeeiJium on Alliu n urainum ( lee alltalum Jlbli ) 

P sessilis Sclm (including i' Aj/za/iAu/w Soppitt and ^parirfw Plowr ) 
(Britain ) XJreclo 'ind teleutospores on PAalant arundinatea Aeoidium, 
acconhng to Soppitt,‘ on Contallarui majaht, also on Majanthemum, Pans, 
Polx/gonatum, Lihum canadewe and Streptopus Smilacina Klebaliu b expen 
ments confirm the relationship of the aecidium on J/iyantAeinion, Comallana, 
1‘olygonatum and Pans 

P phalandis Plowr On Phalans arvndmaeca Aecitlium (Aec ari) on 
Aruni ttdicum and -1 7nae«fcrr«w» (Britain) 

P agropyn El! et Ev On Agropymm Aecidium-Aec clemahdis 
D C on Clematis Titalfci and C recta, etc, m Europe and America 
P cancis (Schum ) (Bntam and U S America) XJredospores 
and teleutospores on species of Carex Aecidia, according to 
Magnus, on Urtica (Fig 185) Tlie same author also believes 
that the uredo stage can hibernate 

•Plowright, OreulUa, xxi , 1893 p 109 

*Klel)alin [Zetlsch f PJtansenlranLheilen, 1892) confirms Plowright’s obsena 
tioDS on this. 

^Alagnus, Hedingia, 1894 
‘Soppitt, Journal of iJotany, 1890 
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in** ninl Itif-nmnlun oft* n iinilor^o < n* sn!**! 

tliulvitun^ im I ciimtnn «’» n of f<irjnilifi> tif n ci<In 

Wokhr lIuH suniiimr>7*i In*' o1» • rvnlion*. ui lli* ntntoiiiinl 
clnti 'I ill iiinlft'niml l^rti of Crltm ihtrc js an cn 

1 in,* in* nt of (ilN an nicr*. i*-* in tlip inunl** r of lir^* jnl*r 
ctUiihr no foriintioii of c**lknc1n nn int* rfi'^ci* nhr 

nnvl tl»\oropU\U , u <ltuuui4n.(t f» rnntion <vf c^lcmm 
(»\alat< , nn onn^' col< ntinn of lh« ctll*-!]*, nnil a ih«>tcn*uni 
or ruptnri of tin tplirmi'* 
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kleb'ihn and "Magnus beliexc tint there ts a rucctnui on 
Caret aciifti ancl C GoexUnmtgkii rcHted to in Arculunn on 
Palc^ GiO'iiuUtrin 1 rxthntm, and 11 aKnitin, nko a Piiccintn 
on Ciiict ripaiia ivith an Aeculiitm on J^dr^ nigiitjii On tins 
account Klebilin' distinguishes I*arc cartel', i ii , and ill 
agreeing respecti\el) with P Pringshcimiana Kleb P canct', 
(Sclunn ) and P Magnusit Kleb 

P Schoeleriana Plowi et Magn" (Britain) Uredo and 
teleutospores on Cairi, mcnanay aecidia on Stnrcio Jacalaea 

'Klelahn Zeitschrifl f PJlnn enkranV ttltn 1802 1801 nn 1 IbOo 
'^Iledtija. 188G 
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P sylvatica Schro. t (IlriHin) rre<!r» nml tclculo* jvin s on 
Corn, TccHlia on ‘■omc Coin|io‘«it'ic Vhroclcr’ rc^mU nn 
on Toronrcum ojfinnnff ntitl Snircw unnnrrii'O^ ns 
reHtCcl to llic lclcvit«isiX)rcs on Canr In-Oiln nnd C prarmr 
Klebilm* retired npcuhi on Tontiactnii after infccUon wjth 
tclentosjwres from C»rrr ominna , I' livelier obtoincil accidii 
onl} on Toifiiorinn ojftctnnle Dictcl * rij’irds ^ircvfiHtn 
Jhrdonoc on .Irr^iion Lopjxt ns related to this Rpecies 

Attacked leiMS of Tnrniantm nrc frequcntl} innch defonnetl 
stunted, and twisted Those of T ojjianate lia\c orange red 
warts on the lower surface, and there l-entzling {loc ciO found 
both sponqj and palisade parenchyma increased nnd more or 
less deformed, the cells being elongated nnd enclosed in 
lijplne 

P Jeucanthemi Pis'*. jtc-conliDg to L fjxchtT, tljt umJo niid teleiite 
fiI>ores are foiiml on Carfr monlam, tli« aetuha (lee leirraiiff eni) on 
tfrifiaiil/emum J/euratitf ti uim 

P tenuistipes Po'tr Ur«lo and (eletitos)>ore3 on Carex »ii/rin»<<T, 
aecidia on Cento trea 

P urenarncoU riowr »“t Ma^n On Caw arennrm , aecubi* lee «nt 
oureae ou C nigm (Bntam) 

El Fischer foiinl that the njecas of Pncctni t on Ciw tnoiUana (one 
with Its aecidia on Centiurea Sfxihoso, tlie other on Ce»ra»reti »ion/ana), 
were sjiecificalh diitereiit 

P iimosae Maijn Uredo and telentospores on Caw hmoea , aeciilia 
on Zt/suioc/ii thjrtifolut and L tnlqtrtt^ 

P extensicola Plow (Britain ) Uredo and teleiito-^pores on Carex 
eitenst , aecidia on A»Ur Trtpoltwm 

P dioicae JIagn (Britain and US America). Urecln and telentospores 
on Cirrr rfioirn and C D’xralhana aecidu on Cxrnum (acconling to Bcxtnip 
and Schroeter) 

P firma Dietel Teleuto«porea on Corec^rm t , aecidia on TJeWnhaj^rMni 
P Tulpuiae Schroet Uredo and telewtosporea on Caret xulpina 
aecidia on Ct rj/eanikerntm Tanacetnm^ 

P paladosa Plowr (Britain) Uredo and teleutospores on Carar jufjran* 
Ltc Plowright gnes Alertdium pedicularis as the aecidnl form Tlie 
attacked plants of iWicidan# are often considerably deformeil 

P uUginosa Juel* Uredo onl teleutospores on Ctrex luljans, 
‘Pi/ « Schle^xn* 

*KleUahii Zeifehnjl/ PJfan enlranUelen II ISW 
’ Dictel 0«s/(micA &o/an Zettung, 18S9 
♦Magnus Taghl it yalnr/or$(h I treuu tH Munehen, 1877 
“Schroeter, Pi/ e ''f7/<''iena 

•Juel, J/yco/oj Hot ] eUtueap* Ahid Porhanil, 1S94 
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(^idii (.Ifc pftrmsstae Scldeclit) on Parnassia 2mlu$tni Spermogomal 
’^p^tiiidii irt iiiikiiOMni 

P sarpi D C (Britain) Uredo aiul teleiito^tpores on Scirpus, aeculn 
icconhng to Cliodit, >= n>/mphaeoides on Xifmphaea, Xuphar, and Ivn 
nanthcmnm nymphaeoide^ 



Fiti Isi} —Pucc a tuatfoifnt oa Cirtiu « anciw The plants ni'O abnormally 
Monffateil the leaves liavo reuatned am ilW and simpler and are thickly 
on the lower side with patches of rboiwLitc brown urcilosporca (v Tubcul phot.) 


P eriophon 1 1mm Uredo ind thleiitospores on Enophonim 
m Siberia and Denmark , Rostrnp gnes as the neeidial form Aec cineranae 
Rostr 

P obscura Seliroet Uredo and teleiitoapm es on Lu ula, aecidia on 
Ikllu perenm^ (I*loe\ right) (Britain ami US America) 

P septentnonahs duel Uredo and telentospores on Polyyonum rin 
|xin/ni, ftcciiha ( !«• Somi icrfelUi) on Thalictrum aljnnum in Sciiidmi''*» 
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IcpKtiJ Grwiihnd, ami fewitzeriiticl JncI ntntc^ that tlm the «>nl\ 
lictcroecJOiM Pucfima wlioxe «rr«h» Ainl tclcjitn«|Kiri~* inlnhit a ilioitalc 
•loiioiis plant 

(U) ^Icaiha arc ahsrnt , j>i/cntdm, uicilosjvra, and 
fhirtopcd on the jitant {Itrachiipuecimn , &'hu>rt) 

Puccima suaveolens (Pers ) (Iirititii and I America) 
One form on Cirsimn ormiv uicl a «ccoiid on Centavrra Cyanm 
i’}cni(ln and urcdosjxircs appear hrst then telciitosporcs develop 
amongst the later-formed tiitilosporo** 

The shoots and leaves of attacked plants arc j>erinc.ittd with 
tnveehum and rendered conspicuous bj their elongated shape, 
lighter colour, and smaller, less lobcd, softer leaves {Fig IhG) 
Diseased phnts bear no (lowers A\akker on investigating the 
dise<isod stems found non development of those sclerenchjma- 
sheaths of the primar} tissues situated towards the interior of 
the stem whereas those towanls the outer side show sccondar} 
thickening , irregularities occur m the interfascicular cambium, 
so that the phloem becomes abuormall} developed and propor- 
tionate!} more evtciisive than the vrood, it nia} also be divided 
bv a band of 'clertnchjma 

P hieracii (Schuai) (Britain and US America) On mimerotis Com 
positae, eg Curltna Cirnum, Canluve, Centanrea, Leontodon, Scononera, 
Crept! Ilieranum, Cichortum, etc. 

PlofiTiglit (iHttugiiKliea two allieil species ou Compositae, via. /' 
centaitreae, Mart on Centaurea ntgra, and P taiaxact Plowr 

P buUata (Per-.) (Britain and US America) Ou Umbelliferae, eg 
Aptum, Petroadinutn, ^Pthusa, SeUnum, Conium, Anrthum, etc. On cnlti 
^ated Species (e<7 Parsley, Dill, Celer}, etc) it may proie troublesome* 

P oreoselini (Strauss) On Pencedanum and (U S America ) 

P belvetica Schroet On Aipenda laurtna 

(3) Uredosporcs and tcleutosporcs alone Inov^n The related 
2^1/cntdia and accidia hate either not <ts yet been traced, or do 
not exist {Jfcmtpuccinia, Schroet) 

Puccinia sorglii Schwein. (P««r maydis Bdr) This rust of 
Sornhvm and Zca Mats occurs m Amenca, Italy, German), etc 
Tlie leaves become more or less beset with little pustules, in 
which the son of uredospores or tcleutosporcs are contained 
(Fig 187-189) 

P purpurea Cke On Sorghvm xvlgare in India, an I Zea in Africa. 

•Desenption and figures m X. J Agne Exper Station Peport, 1601 
Z 
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P. elymi West. {Ito^trupin eJymt Lagerli.). On El^nwis annariu$ and 
E mollis 

P. Baryi (BerL et Br.). On Brachypodivm in Europe and Bntam, 
Bamhusa Thouarsii in India, Andropogon, etc., in America 

P. loogissima Scliroet. On Eoelma cnstata in Germany ; R. Derythna 
in Eg! pt. 



Fio IS” — FuKJnin tor^hx 
{Puee mayilw) PortJoo of 
MaU»*lcal iljowuig sporo 
patche* (r Tubeuf del) 




P 

' J 



P- pahformis Fuck On Kotlena cnstala (Britain ) 

P anthoxanthi Fuck On ..IntAarcntMum odoratum. (Britain ) 

P. gibberosa Lagerli On Fntuca sylratica 

P. angustata Peck On Sctrpws and Enophoram. (US America.) 
P. junci (Strau^i) On Juncns (U S. America ) 

P. oblongaU (Lk ). On Lvzula. (Britain ) 
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P microsora Koni On C«»rrr rr«<»Tn » 

P canacola Fuck On Cartr tvpina 
P alln (D C.). Onion ni«t (US Amincn.) 

P indis (I) G). On Int (Hntiin ) 

P Tcratn On IVm/rww alltim nnil I*, rindf (U S America.) 

Pucemia pruni I’ers I*lmn or rnnie llust. [lliis 19 a 
common sjwcics in both Eurojic nml the United States , it 
attacks almost c^e^) kind of c«lti\atc<l drupaceous frmt, includ- 
ing prune, plum, poach, noctnnno, npneot, cherr} , and almond 
The uredosporcs arc broun, the teleutosporcs darker, and both 
are as a rule found onl^ on the under surface of the leaf 
(Irig 82) The leaacs first show }ello\Msh or reddish spots 
which rapidl} enlarge and darken in colour till rupture of the 
epidermis takes place, and thej rapidly dr} up Tlie fruit i** 
thus altogether lost or much injurcil, while ripening of the wood 
IS more or less interfered with 

The remedies suggested arc spmjings with modified eau 
celeste, or ammonncal copper carbonate (see p 09)] ‘ (Edit) 
P eerui (Ikreug) ClictT} m«t on /V«niM Ccrastu, P Ami/ffdaluf, 
and P Pertica 

P eenothera« t ue On Americin of Oerotfiera 

P gtliae Hark On P/ilov ami GiUa, (US America) 

P tanaceti D C On Tanoettum tulgart (Britain and US America) 
P sonchi Bob et D<.sm On ^onchu* (Britain ) 

P endmae Pa«s On Cichoni Sndnut in Ita!} 

P carthami Corda On Ctrl/amns linctoria 
P balsamitae (Strui*^) On Tunacetum Jldtamita 
P picndis Haszl On Pierts in Duiigai^ 

P bistortae (Straubs) (Bntaiii ami U S America). On Polyffoitum 
PistorCa and P iiiipamm Tlie teleiitosiports liave no papilla on their 
germ pores Soppitt (GrenHefi, 1691) claims relationship between this 
species and an Aecxdtum on Conopodiuri denudatHm {Aec bunii (I)) 

P mammillata fcchroet (US Amenca) On Polygonum Bvtorti The 
uppei cell of tlie telentospore has an apic il thickening 

P acetosae (Schnm ) On Rumtx R arifolia and R Acetcuella 

Lucfwig SI} 8 it hitxrnates in the umfo form 

P polygoni Pers (Britain and US America). On Polygoneaf 
P rumicis scutati (I) C) On Polygonmt 
P oxynae luck (Britain ami US America). On Oxynn 
P castagnei Thiim On Apium graieotc}i^ in France 
P cicutae Lasch On Ciettta tiroaa 

• Pierce (/oiimo/ of 2fycology vil , p 334) gi\C3 an account of this disease aa 

found ID California, antf desenbes application and results of \arious remedies 





358 


URFPINKAE. 


some confusion between plants infested with this Puccinvt and 
those with fipeeics of Aecuhvm. The changes induced on 
anemone by either Acntlivm leueos/»’rmvm D C or A(c pundatvm 
I’ers are quite distinct (Fig 100) 



P singulans Miifii On tienonf ranutintloidei iii Alintrit 
woiith of I iirojic riic tele uto4]>orc f^tmi pf>re ik mtinteil at the centre 
of tht liUnl will of the lower cell, tlicrch^ di4ti)i^iiinh((i from tint of 
/* fnxrn 

P atragenis IfiuiHiit On Atratfene (dpinn 

P thalictri (1ie\ On hjccich of l/tahetrim (Ilrilaiii niitl Ufe 
Ann tnn ) 
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P Fergussomi RorV. ct Rr On I'm/i cic. (Rntniti niid US. 

Aiiienci) 

P alpmi Flick Oil Fio/n ti/forti 

P. geranti sylratici Karxt On CrmniMw tytrtticinn,* (US America.) 
P. Morthiert Koni On 6’mimwm 

P. Holboelli (Horn ) On .IntAM IMboftlt nml narcifuMium 

in Denmark and U S Anicrii.a 

P drabae Rud On Drain m.oule* (US America.) 

P. dentanae (AUi cL Scliwom ) On Dnitanit lulbifera and D 
tnnfiphifUa, cauainp puatiilo like OMtgroi»tlia on the Icaiti. 

P. nbis (DC) Currant ru«t On Rthr* ruhrnm, /’ «i jrtim. It alpmnm, 
R Orot^ul inn, and R prtratHm (Britain and U S Atiierica) (Fi,» 191 ) 
P saxifragae SchlecliL On Rarifraga (Britain and U S America ) 
(P Pazschleei Dietcl On Saxifragt Aatior and S At.oou) 

P rhodiolae B et Br On r/ioUiola (Britain) 

P ssdi Korn On Sediimtlrgnns 

P aegopodii (*'chuni ) On Umbelliftrae, ff Aegopofliicm, Astranlin, 
ami Pcitcflanum (Britain ) 

P enormis Fuck On ChnfrophgHum nttreum 
P asanna Knze et Schm On i$nrum (Bntun ) 

P rubefacieiis Joh On ni i>caiidinaMa and U S America 

P campanulae Carnnch On Cnmpannln uid Juuoiie (Dritun and 
U S America ) 

P eonglomerata (Str ) On Ilotnoggne alpttta 
P expaosa Link On AJeno^tylu and ^CMCcto 
P Tifgaureae (DC). On SoUJago (Bnlani and US Amencsi ) 

P cardui Plowr On CanUtna laweolntua, and C cri^pua (Britain) 

P Andersoni B et Br On Carduus hrterophgltw (Biitain) 

P bellidiastn (Uiig) On Delltdiaainm ^he aecidiuni on the same 
host helongi to Pucc firma Diet) 

P adoxae D C On -li/ara »no»c/iar'’Wi«a (Britain and US America) 
P betonicae (Alb et Schwein). On Detonica o^ctnali^ and Stachys 
recta (Britain ) 

P Schneiden Schroet On Thymut Serpytlnm (Britain ) 

P scillae Lk On Scxtla btfolia m Hungary 
P tulipae Schroet On Ttdxpa Gesneriana 

P Prosti Moug On Tulipa lyhestru and T CeCtiana in Italj ami 
Frsuci 

P Schroeden P,a!>s On A’arcismt pwUem 

(G) The tchiito’iporcs gei'mtnate on ike hung plants, and again 
ptoducc ielentosjiorcs All other forms of spore are absent {Lepto- 
jmccinia, Schroet ) 

Fucemia. roalvacearum Mont occurs on tarious Jlahaceae 

' Barclij (.-CniifiN of liolany, % , p J7) desciibea and figures a rai 
on <»<raiiium iK'/wifeii*#. 
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Tins rust is indigenous to Chili, and was introduced into France 
about 1808, whence it rapidlj ettended throughout the whole 
of Europe, and dunng the hst ten years has made its appear 
ance m the United States In many places it has completely 
exterminated both wild and cultnated mallows, and rendered 
the cultuation of garden hollyhocks impossible It appears m 



Jlaj or June on the leases, stems and petioles of the ho't, 
all are more or less deformed, and the leaies niaj in severe 
cases vMthcr up long before the floisers appear Sponging 
vvitli n solution of permanganate of potash (two tablespoonfuls 
in one quart of water), has been found an effective remedy 
P Sherardiana Korn On mallow m Ainenco. 

P heterogenea Lager On lioll^liock in Soiitli Anicrnn. 

P. anemones virginianae Schwein On Anemone (US America) 



PHX IMN. 


mrticul.irh in a ,l.i/" ^""'■1'' 

Jc^tnictiie' irjt -''T „ , 


new Q'v 
It 

alio^o .j. 

P,'*'* 0 '=’ «"' i- 

WP' 

P- 


1 ) Oti .IftwnrtM nml <■ 7 cultnaloil />i>f;i//<n^ 

I r S America ) 

*)j« Ckr^fofpleniuin (I’nlain ) 

—'r (llnL'iiii tml I’ b Anierui.) 

•mrtm (UnKm ) 

(nntiin ) 

ami I'ri Amcrao.) 
f* Aiianca) On .ixlrr, .\ite7iiiin'i, 
”^3’lovrn!;\it njnnl* /’ n»if/c/o/n 

J> NwC 

1 

•ca). jOii leromc(/' 

(Britain and U S Anienca ) 
(Britain ) 


^eia. 

Hem ^>r Tliiaoccnia on tlie leaie-* of tlie tofTco 

plantin' ^iinatm. It cau«rsa \eri destructiie di«ea8e 

SadelJec3w^ reiM<“<liM (1) Rcino\.il of infected lea^e^ and 

tlieir stenl tUnte atuU or Bonleanx mature (2) bpnjmg 

the beds with ±>ui icaiix iiiixture, so a^ to kill the sjiores ivhali haie 
fallen there 


Several geiien which do iioi occni in Europe inai be meiitionet] here, 
VIZ. Uropyxis, Diorchidium, Chrysospora, and Sphaeropbragmiutn , also 
Masseella, Pbakospora, ami Schirospora.* Tliej contain but few species, 
and none of practical imjiortauce 


Triphragmium.* 

Teleutosporcs thrce-cclUtl . one cell ib attached to the sporo- 
phore, ami carries the other two, each cell has one or more 
germ-pores 

Triphragmiuna. ulmariae (Schum ) (Britain ) Uredospores 
and teleutosporcs produced on the same plant, Spiraea Uhnana 
The teleutospore patches aie dark-brown, the uredo son reddish 
jellow, while the pjenuha (so-called spermogonia) are jellowish 

' llistinction, see Magnu*, Iftt d dewl^th (otati (?e« , 1890, p 167 

*Sadebeck, Poritl unlurtriju ynhvhitjl, ]S93 M Ward, Sef^ionnl Paj/fT’- 
XVII , Colomlxi, 18S1 

*Dietel, lUnchh d doihirh fco/aH Om , IS9o, p aii 

^Bihlmgraplij and BeMMoii, bj O Ma«!«ee <»rpn//ea, vxi , 1S9J p llj , 
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points Tlie so cilled aecidia are leall} France 

the} occur as thick cushions and cause nhole 

of the leaves and petioles J»ade its appear 

T fihpendulae (Lascli ) (Bntam) On 

T echmatum I/\ occurs on Jfeum , teleutospores »'"Udered 

(U S America) ^’0 

- 


T clavellosum Berk Ou le^^es of Jralia in the United Statt 


Phrag^idium 

Teleutospores multicellular, the individual cells forming a 
single senes, the} show a variable number of germ pores The 



Flo ins— r jhnffuiu uin on 
6 ll a Oertninatln; tcloato 
spore with prou>cclia ind ipondix 
(Alter Tulisoe ) 



Fo lOt Fknn 1 uni luirtlfliiin 
on » Rono leal The black tpot* are 
Celeutoepore patchci on the under 
surlaco of the le. f (T Tubeul deb) 


teleutospores are produced in loose patches The aecidnl patches 
h ive no covering but are surrounded by club shaped paraph} ses 
The genus frequents only Rosaceae 
On species of Hosa ’ 


Phra^midium subcorticium (Sclinnk ) Teleutospores uredosporea and 
atci lia on leaves of wild and cultivated roses (Britain and US 
America ) 

Phr inbercnlatum J -Mull All the tonin of BiKJre occur on /tot i 
ctmi a 

Phr fusiforrae Scl rdt \Ur rotttoXpiHU (DC)] On Rosa afpiitn 
(Britain) 

Phr speciosum (Fr) On North Aniencaii loses. 

Phr devastatnx Sor On roses in Awa 


^ 'J 


Muller Die Rostpilzc d Rosa u 
Ges 188.> 


Pul us arten Der d ddUrch 
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a \filh: 

) (HnUm UI.1 V S Ammcn) 

(l*S AtinTnr») 

. (Itntiin ) 
from biWrii 

i!vl Phr lacciaiium Itarcl iit Imliv 

a 

Sclileclit.) (DnUm). ^ 

Phr rubi jdaei (Pom.) 0» lii^en (“*>- /•' 

of ri'iplierrv (llntain ami l’^' (L ’ 

Atiierica.) 

Phr Tiolaceum (**.lmltz> (llnum). 

Phr nibi mmiatum J MhH 
Phr albtdum (KUlui) 

Phr qutnqueloculare llarcl 
Phr octolaculare Rin-I 

Phr Barclayi Diet?l, ftora Ilim'i ^ 

Phr graule Pari, America. ) 

And otlier species. 1/ / 

On SaJigitiwha & hi ® 

Phr sanguisorbae (D 0) On / p\ 

<S'>;»^i<mo/'6'I minor (Dritntn) \ 

Phr. carbonanum (Sclilcchi ) i ‘,\ll 1 

(llntain) This species lias also ly^Vi 

been placed in a sepamto gcmis \K^'| 

Acnodochtis It occurs on San- ‘J 

gutvirla Uredospores are want- f™ m -« a?,u<i ... r, from yrui ,-4 
ms , tlie tekiitosporcs form firm 'CSiU. °S ffj -SwSp'S'.S 
black crusts, the aecidiospoles Kerromstlag ones. (After Tulasne ) 
form chains , and the paraph) ses 

are club-shaped. Diseased leaves and petioles are thickened and 
bent Wakker’s investigation showed a slight enlargement of 
parencliymatous cells and mpture of epidermis on spore-formation , 
a diminution m the intercellular spaces and in formation of 
collenchyma and sclerenchyma , a suppression of all production 
of chloroph)ll and calcium oxalate 

Melampsora. 

Teleuto'pores dark and unicellular, m some cases multi- 
cellular hy formation of new walls, generall) in a vertical 


Fro m —FA n^i nd .■ . r. .n from Ruljut 
irttU'WHt One spherient Iniiiiiliire te- 
leutoeporo, and tiro rrcll^leTcIoped and 
Jterroinitlag ones. (After Tulasne ) 
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(IirLction , then son foim doik spots into t mice 

honeUli the opulenni^ 'Ihe \ellow urcilo^^'o^'””*' 
liLsot ^\lth (me fipincs, lunl an* "ixoii ofl npiH.n 

or ina) not bo enclosed in n iiendmin tomplctd} 

necnluun*stnj'o Iiwo no pcnditiin, nnd nro hnourfVJ^^^ ’“uuerti 
^enoui name of Onomn, the\ frt(pK«tl\ occiu on ot. 
than tho-«o of the tolcutos|)ons ino puvlnced in '' 

jollou pstolits 

Melampsora tremulao lul (Uritain) Ihe •son of undo 
spous appear ns little >ello\\ protuboi-incos on loixes or jouim 
shoots of Vopuln'i Itimuhi The dark brown intchos of teleulo 
spoios appiar later on Uu under ipuleimiN nnd wheie tin) 



octal 111 Inrjte nuiiiKi^ nu lailj lull t.f the leaf ma} icsidt 
llio tell utospoKs hiliiinitc m dead Icums on tlie jiinund In 
sprum the sporidn ^orimimte aiul mfnt xoinift vhoots of 

l'^ pioduemij the di«tise Known as CVirowoi jnnilotijirinii* 
Ihis di'seist nlliiKs jiim ‘sttdliii^'s appLarin*? goncralh on 
the iioidUh It IS most fnquuit m plantations fnmi om to 
tin jiurs old, raur m ihoM of ttu to thirt) xears, and not 
ns jit ohsirNod in oUki is most comiiionh 

altackid, but it his also btui obsirveil on J*tiins monfiifui in 
.Tutlaiid Afnr fonmtion nf iht Goanmpitclus, the xoiiii;; 
llim «hoots ^laondlj di< off but tbu-ktr oms hetome twi«tod 
at till* jiliiee altaiKod wlionec tho nmiie pme twistir’ oommoiil) 
jjiM n to tins ilisi i«ii If the Undiiy slioot be attntkid, the 
suslluus ma} suumnb altogether llio diH'ase dexelops rapull}, 

‘U llirtlf: Jh^AO/r hraitSaUn ,l Wnnitlmuf, IsTl 
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initiculirh in i iluii]) nml cold spnn^ niiil mi} proNC ^c^^ 
dc'^tnictne if it npixjirs for f»c\cnl jt irs in succession The 
injcclium cMtlcntlj percnnntcs in i me shoots nnd produces 
nen CnroHifr pitches icir after icnr till deitli of the host results 
It grows intcrcclhiHrl} esjicciallj in the rind pirenchjnm but 
ilso in the inedulhr) njs of wood nnd list tlie contents 
of the host cells are ibsorlie I b\ nit ins of short Inlenl hnustona 





The pjcnidii are produced at end of 'Nlaj oi beginning of 
June between the eiidermil cell wall and tin, cuticle of green 
twii^s before breaking out tlie^ maj be observed exterinllj 
as light patches on the shoot The Guomn patches develop 
later in the second or third lajcr of the nnd parenchjma 
(Fip 196) In c.ich patch the spores are produced seriallj from 
short stalks to the number of twentj or thereabout and ultimatelj 
escape about Time when the cells of the parencli}ma and 
epidermis are ruptured At first the spores are connected 
tOj,ethcr bj intennedi ite cells which ire afterwards absorbed 
(Fig 197) The mature s}ores are globose, o\al or poljgonal 
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in shape, yellow in colour, mid their outer coat is beset with 
spiny projections Tiie stalk-cells giosv out into elongated tubes, 
after completion of spore-formation. In tlie vicinity of the 
scar of a C'ftwmrt'p.itcli, the twig turns brown and its tissues 
become permeated with resin, while the tissues nnderlpng tlie 
pntcli die even into tho pith 

Hartig’fi* investigations show that this atixnc Uelainpsura causes 
Cncoma InricU on the needles of the larch. Plowright' also 
produced a similar Cofomn-fonn from Mclamjiwa hrtulbia, and 



Fi'i l'*S — Jf UiUMn I Ittul nil Tcicoto-porc norim, with ro^ny of Hio •I'ore* 
I ityliieln* from} «Iu niid f jori Hi (»). Mycelium i , rarrnchyroi . f. fottloii 
< f ruplurcJ cplJerjuU (Atur TuLunc > 


8Ucceo(le<l in re-mfecting liHula alba from Caco7n(t hr'nb 
I’ostuip obtained Oxromn mcrcuriahs by infecting J/frcwr/rt/*' 
with Mcl ticmjilae, yet this may ha\e liappcned bocnii'O two 
difToront species of Mclaviptoya occurred on the aspen leaves 
Klelnlm ’ was successful in infesting Populus Irnnula with 
Cacoma /«nris but did not succeed with the birch. 

•U HftrtiR, AUt Km A>r«f m Jaifd vifung, 1S83. 

*rio>\ri(:ht, “ Irapf'crsuclic m R»wtpilM*n," /. Pjtttn‘'iilivnlfieitoi, 

1S9I 

"KbUUiii, / I'jIatiifnlmnlhtfteH, 1804 
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The p.itches of Cacomn taricxi Harti(:‘ arl’<?''r ns golden-) ellow 
cushions on the underside of the needles The sporophorcs from 
^\hlch the aecuhosporcs are nb]ointcd form tl»c centre of the patch 
the penpher) being occupied b) numerous sterile threads uhich 
grow out as long paraph)scs, it ma) so happen that the uhole 
cushion con'iists onl) of them last The formation of Cticoma 
patches is preceded b) that of little p)cmdia (spcrmogoiiia) 
which break out from under the cuticle The in)cehum lues 
intercellularh, and dies after the shedding of the Cacoma 
spores 

Melampsora betulina (Pors ) (llritam and U S America) 
Uredo and teleutospores occur oti tlie leaaes of the birch 
{Bditla alba) Plowright® found from arti 
ficial infection that this species produced 
Caeoma lancis on the needles of Janx 
curopca A second form of Cacoxna laiia^ 
was obtained b) Hartig botli from infcc 
tion b) Mcl trmulae Tul from the aspen 
and b) Mcl jtojMthna Jacq from the black 
poplar 

M. popuUna (Jacq)’ (Britain and US 
Amenca) Uredo- and teleutospores found 
on Popvlut nxgra and P hahamxfaa 
M popuhna and M trcmnlae are probabl) identical for Hartig 
has found the same Melampsora on black and balsam poplars 
as on aspen and in each case he produced Caeoma faiict? b) 
means of the uredospores Schroeter states that the Melamp'^ia 
of Populus nyjrn produces Caeoma alltt of Allium 

M aecidioides D C (Britain) Uredo and teleutospores on 
leaves of silicr poplar {P alba and P canc’xcns) Plow 
right connects with it a caeoma form on Mcrcunnlis {Caeoma 
mcrcurtalts) Schroeter states that the Mdamp ora of Popvlm 
trcmula produces Cacoma mrreu talts 

The Mclampsorae of Willows were until recentl) grouped 
under a collectu e name M salicina , sea cral species are now 
recognized others require aenficatinn 

*R Hartig lIif/03« KmnlhttUn d ITo/r&ftnen ' 

* Plowright (/txr ri/ ). 

’R Hartig Botai. CentralUatt xlm 1891 * The leaf rust of cottonwooih, 

VS Dtp! fOire 18SS j 390 



llo 1(19 —Mtlnnptam 
6-iur no. Tortloa of a 
ur»do»pore oorua (After 
Tulaane ) 
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M. salicis-capreae (I’era ) (Britain and U.S America) 
Uiedo- and tcleutosporcs on lea\cs of Sulu Cajvua and se\eral 
other species According to I»o->tru[», C(fromir euoni/mi (Gmel.) 
jg a stage of this^ 

M. Hartigii Thum* {M. ipitat Thum.) (Britain and U.S 
America) Uicdo- and telentosiwrcs on lca\es of Salur prvinosa 
S (lajyhnoulcs, S. iiminrtli<t, etc Itostrnp regards C. ribi^ii Lh 
of Jiibc? as a oif£>»i«-fonn 



Pi Slri -~\t ! I Aj •01"" •”1 ' ^ >1 I hcetJ I 
»fth II iirxilo»p<>rB n ni» t>o tlw lower <i Idermu 
■onu io In T r<Kci» of Uvtlupmcut I ui U iw 
fulistic ) ' ^ 


II thn ifth le»l of rt;> fo 
on u I. upj'i.rit loitiliulc*!* re 
r^nijlctoly clo*«J ovtr (Aftir 


M repcntis IMowr'' Umlo ind ukutiHjioiii oit >S rt/’c/M 
on Orr/tii (The ( imni t nnAulii of other orclniU H pi'olxibh 

idctitiuil >\it}i thio uni') 

M arctica Itostr on Sihr /i> rlKiem, ^ f/lunni, nii'l n* 

Gioenlind 

M mixta (Sclilrclit) (nritiin) Tlic rtlatul Cit-oiiuf in nnkitown 
Tliiimeii nlso „'ims Jf CiMfir^Hn Tliuin on .S timy^d tlin't 
M vitellmae I) C on Salur ffiffilit ii inul ly Fchmctir to li'X'e it"* 
Citeamti on HnlouthM (Drittiii) 

The nistg of cultivated vmIIovvs aro very detrnnciital to tlicm 

‘ J/ m/k-m ra;.rfne (.1/ ea/irtaniM DC) is ilixiilcil L> eonio initliontio" into 
J/ /aniio-a (Vera ) ni\'i epi('a[K7t ctsclini) 

*Sic TliUintn, “.1/r/ nftlii'ina,’' jl/if/Aei/HN^rii otm </ Janilirh 
0(*Urrt\fh, 1871 } 

M’lownsht {lot ri/ ). 
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and cause great damage The acllon 
'ori appear in lai'ge numbers on the 
loner surfree of tlic leaves, nlnch 
nither prematnrclv , cspeciallj tonanls 
the ends of shoots (Fig 201) Tlie 
tcleutosporcs hibernate on fallen leaves, 
hence such should be raked together 
and burnt »S<r/ir jirvtnosa is found 
to be much more 'cnsitue to attack 
than S pniinota x thtphnouhs v\ho«e 
leaves are more hairj, a propertj 
winch seems to protect them from 
spores 

Tho following species have onlj 

Catoma forms being unknown 

M hni (Pers ) (Ilritam and U S 
America) Fla\ rust The urodo and 
tcleutospores occur together on Ltnvm 
This maj mflict serious damage in 
fields of cultivated tla\ 

M sorbi (Oudem) On leaves of 
PyrM Auciiparia and P lormtnalts 
Dietel* has recentlj placed this as 
the single species of a new gcnu^ 
Ochio^pora The light jellow spores 
are at first one celled but before 
the death of the host leaves thej 
divide into four (rarelj three) cells 
each of which gives off a sterigma 
w ith a single spondnim In these 
points the spoies follow the develop 
ment of Colcotporium , the sporidia 
however are quite difTerent thej arc 
spindle shaped 22-2 om long vnd Sft 
broad 
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changed tre twset with the point like mtL (» Tubeufde].) ’ 
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intorcelluHr spnccs Income enlarged, niid the contents of nil 
corticnl cells except those of the cpulennis, tnkes on n red 
colour, whereb} the jounj shoots Imc at first n delicate rose 
red coloxir, though the} afterwards turn brown The lower 
lea\cs Inxe n similar rod coloui but shrivel and fall ofi" earl}, 
while the upper ones develop normallv nnd remain attached 



1 20 —Calfp otpora Ootppert ana Normal and malformed shoots of 

Vacf n vm I 1 1 Ida a ( Tubeufpbot) 


Shoots infected one summer show the sjinptoms in the 
following )ear llie swelling js confined to the basal part of 
a jears growth and the apices of shoots remain normal to all 
external appearance although permeated with nijccluim Hartig 
lias explained this bj assuming that the fungus mjcelium onl} 
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influences joun" cells atticked bj it during their penod of 
growth whereas cells already ui the adult condition remnn 
unafTocted- 

Inside the dicea'sed shoots a well de\ eloped mycelium will 
bt found between the epidermal cell's and nourished b} hau«tona- 



Ihe spores originate from processes ol the mycelial h}ph3e 
which bore their way into the epidermal celK and «well 
inside to form spherical cics The cells thus cntertxl turn 

brown and are filled up by four to eight cells produced from 
the sac like proce‘"‘es of the mycelium (big 203) Irom eich 
cell of this kind a four-celled teleutosjwre is formed and hib^^r 
nate-5 m situ In spring the teleutospores emit a process throush 
the outer wall of the epidermal cell and this after 
bj cro's ■'epta into four cells becomes a prom}celium with «liort 
sterigmata from each of which a single spondiuiu is abjonited 
(tig 204) The spondia germinate as Hartig proved alout the 
uiuldle of Ala) on young needles of silver fir (Ahe^ 

It) the middle of June the mycelium is distributed throuph 
the intercellular space's and forms aecidn with Ion" wlnte 
like |cridia on the under surface of the leaf (Ii^is 203 206) 
The accidiospores escape on rupture of the pendium and the 
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host cpulcnnis, to gcnniiiale on the cpulennis of another couberr)* 
The germ tube cUhet enters bj u stonn, or fonu'^ tui 
ndlipsion-chsc and •'ends out n proro«s from this through the 
epidermis 



Fin 20C — Acetit m in a i ccdlo of 
Silver Hr (Duel enl rged) b beries 
ol n«cidlo<ip<>re( Rod Intcnoedlato celU 
r reniiJnatlns aecidloiporea (After 
R llartlg ) 


This 'lecidium is also found on Alnc', crphalomcn in Uppei 
ana 

BarclajelU deformans Diet* Tins Ins been found in the IIiinala\'v 
rtgion < n needles nil I 'oun" twigs of Ptfea ^^or\nd i {Smithi in i) Toleuto 
eporc son are de%elop^. sccompaiueil bs distortion of the ho-st Aecidti 
niul unnlospores in. unknown 

'RircUj, ‘On a Cfrrrfo of tht Himalaya S^inirr^r Calcutta, 18s0, an! 
Iltd rijia 1891 
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Tlio nociiln nrt* j'Ui'lnciHl amoii^'t llie jncnulia nii ncti'lli's 
Into or lliroc jnrs old » Ihoy line loii*^ white perulia nnd 
fvro known n** iVnVrnntiiw p//on 7 i«^»»rii/jii Tuck The nccidio- 
arc jcllow when nnlure. nml originate m eham'!, which 
in the earlier Pln"e> of de\elo|itiicnl cnmnt of intcniicdinte 
eclU Sind •spore®, hut the former t;rulii.iU) di«apiK:ar (Fig 208) 
The ®]V)rc® hi\c nn fi\enige length of r.O nnd breadth of 
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20m, in form they are generally longish-oi .il, few bcui" round, 
the spore-coat moderately thick Aecuho^poixs are capible 
of immediate germination, and produce f/rfc/t'-patches on Senccio 
hj Juno 

The uiedospores !n\e an aieragc Umgtii of 28 om, and 
hieadth Ioom, they are gencrall) ohlon-r, with a moderately 
thick coat lieset with spiny warts 



376 




Kleb'ilm iiicl Fi'^clier' T^sert thnt ‘5e\enl other spccicj. of 
Cilcoponnm produce their aecidium ^tage on Piniis 

0 euphrasiae (Sohuin.) (Britain) Uredospoi-es produced from 
reddi h mellow, teleutospores from orange red patches dunm: 
Julj and August on aanons Phinanihidinc {Jihtnanthis rntyu 
Ji vnuoi, Part ta Odontitc:, and Pitpht'a^ia o^ciuahs) Tlie 
Sixjres from PInnanthu<t germinate on needle*? of Finite ylrc in 
and produce an aecidium called PiTidtnnium Stahlu Kiel’ 
The aecuhospor^vS of P Stahhi weracte 26ia in length 19 
in breadth and are round oi <?hortlj o\al i\ith a coat aiul 
nnikings finer than tho e of P oHonpi jyviu/u The uredo 
«;pores aierage 22/* x !'> */» thei aie inxgular and romt-ivlut 
angular nith a thin fineli nurked coat 

C melampyn (I\eb> (Biitam) Lrcdo<sporcs on Milan 
jiyrum (ctrtainlj on 1/ / vttUM) The accidia — Pindcnnuin 
Sotaiten Kleb— follon afttr a jear on needles of Pint yh t’’> 
The spermogonial pjcnuhi alone art dei eloped in the suiumot 
of infection 

0 tnssilaginis (Pei's) (Britain) This Cohoy onim is foniil 
all summer on tlie uudeivide of Kaaes of Ttc^iloffo /ixijara 
the urodo poits forming yellow jaichcs the tcleutospores darker 
coloured ones \ecidia are piodwccd on needles of 
yh( tn and are known as P idcrmtinn Phinijlitn Picindia 
and aecidia are formed in the sninmei following infection 
The aecidiospores aa<.rage 'ooju x 19/* and art shoilU oial 
or ronnl with coats and niarkin^ more delicate than tho e 
of P Stahlu The uicdo pore a\*rage 26/* x 19/* and arc 
roundish oNal witli sonuwhit firmer and thicker coals ihm 
those of C cuphrx im 

Kiel aims infectious of P ti it with aecidiospores from Pmi 
gaae no result 

C inulae Kunz Sjiorcs of tins obtained b) lischor* from 
/»? la Vaillaiitu and I Htlam m protluced Kkhal n 

hiecli on needles of Putv 

C sonchi (Pers) (1 ntam ami US America) Kltbilm 
considers this as a provisional species including a number of 
impcrfccilv investigated forms whose uredo anl tvleutospons 

« r nfhtf l Uut^f lota C<» ISO* Zttl ehrJt f Ijtai < tlmnlho/tn 
anl isa,> p 

s/oftiTi CtntraUJall UX ISSJ ^ 1 
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occur on mhous species of Sondii i (witliout doubt on S 
niiois!-}) Accidia are unknown He relates it lo ratdrnnivvi 
Fi'irhni Kiel) on needles of Pinv^ 

C synantherearum Ir A proMstonal collectue name for 
leci lia on Atfcnostylcs Ptln^ifci Cacalia Scnrcio etc tlic life 
hl'tor^ of winch is as jet unknown 

C campanulae (IVisl (llntnin) Lredo and teleutospores 
on Cainpinnlaccac {Cnmj>nnuia and Phytenma) The aecidnl 
form IS Pcridcrmium Lo’dn pii on pine needles 

C pulsatUlae (Str) Lredo and tckiilosporcs on Aneimnc 
Pilatilln and A jnflVjisis Aecidia unknown 

C ipomoeae (Schwoin) Uredo and teleutosporcs on species 
of ciiltnated Ipmnoca in United States Aecidia unknown 
Lischer* obtained pjennha on needles of pmc bj infection 
with a Coko’ponxm. from Campanvla Tiaclchim 

Chrysomyxa 

Ihe teleutosporcs arc formed closelj together in jellow son 
each spore consists of an acropetal series of cells the distal 
one of svliich without lea\ing the sorus germinates to produce 
1 promj celium of seseral cells Uredosports are not alwajs 
present The aecidia ha\e welldesdoped pendia 

Chrysomyxa rhododendn (1) C)* This is a common rust 
on the Alps where the Alpine rose {Phudotlcndron fm i and 

E 1 irsi turn) occurs Immediately after the break up of the 
winter little dark red cushions of this rust appeal on the under 
side of the leases Ihesc contain the son of teleutospores 
already jartially deaeloped dunug the previous autumn and 
now after hibernation ready to increa^'c m size and to rupture 
the host epidermis (Iig 211) The teleutospores so exposed 
germinate without leaving the sorus and produce four celled 
^tQuiv^coUa. wuJjL stcEL'gaviJta. feoro. oanlv ot a. 

spoiidium IS abjoinied The spondia make their escape m 
June and alighting on the unfolding needles of the spruce 
{Pirca cxccha) they germinate at once and produce Accxdixm 
ahxctimnn the blister rust of the spruce (Fig 212) 

An intercellular mycelium is developed in the spruce needles 

^ Dolan Cfntralblalt LIX IStU 
*De llary Botan Zeilt g 1S70 
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,\!ul ‘;nnH jellow pjenMn aiv pro<hietH\ (hiring •Tuiy or 
Auaii^^t. The rtcciilh follow from August till ScplcmWr, 
ivcnp\ing \ollo\\ zones on the otherwi'so green needles; tlicir 
white periiln project .is much as 2 nini. abo\e the surfice of 
the noodle, and dchi«ee hy rupture of the apov. The aecidiosporcs 
an' formed m large nnmlicrs .ind, ciined hy wind, roach loa\es 
and ^hoot^ of alpmO'ri>*=e where the} immodntely germnnte 
The rocnlting injcolmm produces in Soptombor }ollow clu«ters 
t>f urodosjxiros on brownish ‘«ptits on the lower epidermis of 
the hn\e-5, and on the h«k tjf Im jear’s, shoots (Fig 210) 



Till' in Olios jxiros ire \ellntt ind o\oid, wuh gnnular protnU'r* 
ance<( on ilioir unt« ilio lu dixolojH'd in «eries from the son 
Ihe disciso in ij i>o fmtlur propiguod during tUo ssiine ji-ar 
Ii\ the uroilosj>iiros. In distnets where ‘spnice doO'? not oociir, 
11 is prolnble tint these s|M»na hibermie, .and in the following 
spring prodiKv genn-inUs whuh infi'ti other alpme-ro-e leaxes 
It fnapienlh Inpimia ihit xxhole fotosi^ of < 5 pnicc ire co nttneVed 
hx this fungus ihil nnnx nf the trees retain onlx -t few 
heilih} iiivdles Itjvi i«.i.d ikhMIos die .and fill in the siumner 
of itt lek so that the trees im\ Iv almost xvholly stnpi'Otl. 
and therein suffer i unsiderihle damni^' 

Chr. ledi (Alb it Schwem)* (l*'s Anienea) This fangn*! 


’ n.>i.il>iMsVj tlir^ t n /i ii» R Cn et/yin fcrm 

^ IV Itvrx, / tfftn. I y is^*! 
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occurs on J^ihivt It n difficult to (listiii‘’Uis!i from 

the preceding s|>ccjcs, nml cnn«es the forunlion of snmlir nccidin 
on spruces in Northern ncnmiij mid other psrts vhcre JUiorh- 
ihndron is not indigtnou<«. Its iircdosportH nrc nl«o cipnblc 
of hiherinling und of pmp-ignting the fungus where spruce is 
ul)«cnt 


Chr himalayensis Hircl occurs on leuves of Hhododnulron 
arhomnii m the Ilinnhjn 



(rT««n bcisg left whice (t T ibe ( 

dri) 

Ohr abietis allr) * Ntedic rust of spruce Tins is pinsitic 
on the spruce {Ptcea exrelsa) iiid is found on the Alps up to 
an elosation of o^e^ 1700 metres About the beginning of 
Ma) the liibenntmq teleutospores pro<luce pronijcelia and 
sporidn Tlie latter genmnate at once and the germ tubes 
make their waj through the epidermis into joung unfolding 
needles The mjcelium is well developed and hvts inter 
cellularlv, ‘^ending haustona into the host cells it contains 
}ello\v oil drops so that b} the end of Juno needles contain 
ing It exhibit vellow colound stripes For the remainder of 
the 5 ear reddi-^h )ello\v elongated tcleutospore cushions ire 

Teess Dotan Zttliit j , Dir Po*/} il^onnrH il dei tirhrn Coni/trtn IS69 
^\l1Ikomlll Dit vt iroiiroi frl rn Fttidr dr* Wtdlt* 1S6S 
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formed, and in this condition the fungus hibeinates, to de^elop 
furthei in the following spring It is only in very dr) cold 
winters that the needles dry up and fall off, as a rule thej 
remain on the trees About the beginning of Jlay tlie spore- 
cushions break through the epidermis and gi\e off multicellular 
teleutosporcs, which are as a rule branched 
Thence arise the four-celled prom}ceha, with 
stengmata, from which a single spondium is 
abjointed 

Diseased needles remain green except in 
areas inhabited by m} celmm , yet needle cast 
soon follows liberation of the fungus spores 
Starch is laid up in large quantity in diseased 
needles during the first summer, but is com 
pletcl> used up again b} tlie mj celmm for the 
formation of the teleutospore patches Spruces 
luaj suffer consiJerabl) from loss of foliage 
induced b> this fungus, }et the risks arc bj 
no means so great as m the case of Chryso 
where the whole existence of the plant is 

Uredospores are unknown for this species and an Arcidntui 
stage has not as jet been discoverefl Eeess has shown expcri* 
inentall} that the teleutospoas germinate diiectl} on spruce 
without mte^^entlon of an aecidial stage 

Chr piceae Eire On needles of Ptcea mortHda in India 
Chr empetn (Pers) (Britain and US America) Uredo^pnies on 
Ei\prtrum mrjrum Cueom i empetn (Per^ ) tlie aecidial form 

Chr pirolae (DC) (Britain and U S America) Uredo and teleiito 
epoi-es on Pyroln Aecidia nnknown 

Chr albida Kuhn On hvhus y/Mticosiw in Oer mam and U S Aineiica 



Fio 213 — \ 
[• on Pvi. uolt. ( 
The son oecupj the 
toiddlo portion oi e<ieh 
needle nhtch le In con 
sequence yelloiv ivbUe 
the ApQx nnd Viise are 
still neen (t ril«ii{ 
deL) 


myxa \hQdodc>\d\x 
endangered 


Cronartium 

Ttkutospores umcclluiar nnd icmaining attiched togotlicr 
in the foim of a long coikd process, the} germinate xn 
still and gi\e off spondin Tlie masses of teleutosporcs arise 
on the place forincil} occupied b} n uredosporc sorus flic 
ONoid uredospores arc nbjointed from short stalklels cnclo'cd 
in son with a short pendtmn Accidin are deveIopi.d on other 
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host I Hut'S nml 8c\enl species produce Ui'-ter rust on the birk 
of species of pine 

Cronartium asclepiadeum (^\ illd) (Ij s Auicnc'i) Uredo 
'ind tclculosporos occur on Cunanchtnn (lerhnps 



Fi IL— C-^K t«ra«W/>nfom e CynnR Xviu J « to nim Tie utx'do 
eori »how M tpot« tbe t«teuto«ro>*-*or1 uproceue<on tbc loiTes. (» Tubeuf 
d«L) 

'iHo on Gcnijnnn aaclepiadKci) Tlie aecuhal st'igo known ns 
Pcridcrmwin Cornta I’ostr et Kleb produces a blister rust on 
the bnrk of Pinxii syhestns 



■ 1 



F o 015 — Ci-oan ( khi iu ( ; Dm. Section of • 
Cvnm ^iimlcaf Thfl leaf par«ncliyBisl>rcTine«te<l vlth 
tn;cel um and (orl are fora ed on tbe tower ep dermU. 
A umlo-eorus B teleutoei<ore-(orue msDj' aimree of 
wb h bare ^rroinated and glTCn oS piomFCcUs with 
aporldla (t Tubeuf deL) 




S 


Brown spots inaj be found on the le-vses of the Cijnanch la^ 
during July August and September (Fig 214) On etanuna 
tion of the spots with a lens the leaf epidermis will bo found 

> A tery common plant m Eniwpe thongh not uidigenous to Bntajn. (F liL) 
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picrcul !>} a tirciilir oiM.niii^uiuli r uhicli lies the uIIjw 
uri(hisi»oro-jnlch of tlie Cnmarttvm tnc1()*-e(l in its pcriihtiin 
'1 he o\ni(l ullou iirnlo«i|M»res lii\c a Lo-it Ijcset uith sliorl 
«jime'< ami are ahjointcd mii”!} from sliort c}lnulnca! si>oro 
phorts (ri,; 210) hroin the iirctlo vorus there next an«c« a 
jiroluhenincc which lengthens till it furins an ilongaUd «h-’htl} 
cur\ed hrown cone or column coiisistin" of cjlindrical teleuto- 
spores hrinlj huilt together (hig 210) The tilciitosporc-' 
"irnnimti without hcconnng detichcd from the mass, and 
produce a four celled prom}Cthiim with snnll stengrnata from 
which glohular ajiondn are ahjointcd The sjioridia on reach- 
ing the hruiclus of Scots pine produce in its bark at hr^t 
jiaemdn, later accidi i The pxcnidn (spenuogonn) gi'‘ 
)(llow drops of liquid with a clianctcnstic odour The 
nccidia arc jellow thick wallul «ics iheir s|)ores are set fne 
m •'pnug and infect jouiig plinth of Ci/mi7irlnin 

Since the spondu of tin Cr marttum are ^licd la 

Scptiinhcr the tun^us would stein to hihcmatc oiilj in tin 
form of mjcelium m the hpinthes of pine 

llu elfiels of this fungiiH on the junc will he considervsl 
along with iho'^c of P>nlinnxum ptm anotlicr blister rii«t 
of pim? closch rc>'imbUug tins sjKcies()> 111) 

Or nbicolam Dietr Lredo and tckuto>j)orc3 an deeclopwl 
towards tin end of summer on leaxes of \arious species of 
(eg litlxi ntgriim rilninn tiiontm alpuium 
(tiuencaninn n ft ii(lij<huni, ami (iro^'-itlftriti) The 

aeciduim singe {I’tiitl imii'in ttfrobi Kkh) forms the blister ni'^t 
of tbe lurk of ^^l)l^outll pint Sfrofti'i) IScaitha 

appear in ihc summer of inkctmu the nccuha a xcir 
later rxlonudlx this bark rust itsembles that of Pnuhniin 
Ctrnti and P /nut on l!ic Scots pmt^, It maj cause con 
siihrahlc d image to Weamontli pine both in nurseri and 
plant ition ‘ 

It IS prob dill that other two forms of aic identic'd 

with this M7 that on Pimf> /fimfrrftdiKt in America and 
/' Cmlrn especiallj ui Itussi-i 

Cr flaccidum (Alh et i?chx\cin) (Itrilain and US America). 
Undo and teleutosjiores on Paeunui, causing the Uaics to dri 

* Mii^Tia* (t arlr-njt m ISOJ) 1 m |ioint<«l oat that Uth the Cronnrt ‘it 
X\ ^ I er [ r 11 m are unknown in \menca tho home of the Wr^iiionlh I'l”' 
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and curl up In some ds'^tncts ^^r} common Aeculnl «ta_'e 
unknown 

Gymnosporangium ‘ 

Teleuto'ipore't bicelluhr and furm«;hed uitli -stalks ulnch lin\t 
gelatinous \\all«, so that the spores come to fonn part of i 
gelatinous ma-ss* Tin first-fomieil telcutospores an? thick 



walled, the succeeding ones ore tlmi-walled Uredospores do 
not occur. The aecidia ha\e a thick peridium The teleuto- 

* > Tubeuf (1) CtnlralUalt f Balttr w /bra«i?fnZi»nrf«, ISQl , wiih a reMew 
of the current Literature (2) “Infectionen initGjmnosponnsinm ’’ For*tlith 
tinfunn« Zeir«rAn^, lSa3, ji 7o Atoernle, “Anatomuche Unter«uclmngen il 
(lurch Cj mno'iporangium Arten benorgertifeaeo Missbildungen,’ idem, 180-t 
American Literature, see p 401 

*Tlie gelatinous tul>«tanee is oLiionsl) well adapted to absorb ram \rater 
an I so facilitate germination of the telentosjwres in *i/ii; the spondia pro 
(Inccd are then carried off by rain or kberated after the cushions dry again 
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snores "row on needles and twigs of Conilene the secidil on 
tho leases of \'vnous Ko^accie (Ponnceae) Fne species occur 
in German), but there are man) in America 

Gymuosporangium clavanaefonne Tactimn (Britain and 
US America) The in)celiuin of tins species perenintes in 
twigs of JimxjJcns communis Infection is brought about b) 
aecidiospores In the following )ear a swelling of nttaaed 
places IS evident and this increases till death of the host 
ensues In «»pring about the beginning of April little light 
jellow cone like structures break out on the swollen places 



and during ram swell up into long club shaped spoiophores 
containing long stall ed spindle shaped teleutospores some thick 
coated some tlim Tlie spoiophores swell ind ultimatel) 
a common mass m which the teleutospores germinate The 
spore** ha\e four germ pores each capable of gi'mg off a 
promjceUum with pointed steriomata producing sporidia winch 
nre cast loose and distributed b) wind 

Germination of sporidia takes place on lea\e 5 cotyledons 
petioles and shoots of \anous Pomaccae where the} niaj 
111 luce swellings or cur>aturc, often to a considerable e\tcnt 
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lApcrnnenl'il infection with tclcutosporcs of Oi/miwym- 
angivm claianarfoi mr from .fi'H !;»<•/ 1 '< rtnnminit^ g'i\c tlic fol- 
lowing results 


On Hott 1 Unt 
Cralre^H* Oiynmulf i, 
Pj/rii* commiinif, 
Cratatyus tomfnto*'i, 
Cratdfffus Osyacantf ri, 
„ rionogyn i, 
Pyrvs cominunts, 

Pt/ru3 tormtnnli*, 

Pyrut ifahi*, 
Amelanchter^ 

Crat tegna Oryneant! n, 

Cratatyua yrandiforxiit 
„ tfinymnea, 

Ct/donia ivlyana, 
Pynit tutf!fp«nn» 
Pyrua latifoh i, 

Cydom t lulyiri*, 

CraUicyua iiiyra, 

Cratacyua Douglasu 
Pyma Ina, 

Pyrua iwupana, 
Pjrua commicma 


} (!) 

it I wnil <, 

I /. latvntl I, 

Itoisleliit (t), 

li-i. 


Viithont) 
I’lowriglit 
Tlnttcr 
It lt1n\ 


Ocrsteil 

Tlia^tei 


( It lacerafa nid aeculn ' 
\Mtli long tnbe slnjutl T 
(>eri<in. 


it hceratu, 

Otll> p\CIU<JlS, 

oul) p\cni«Ii9, I 

/incnidi'i and little I 

\ aecidu, / ’ 

and aecidis 1 

with long tube «lnped j-Peyritscli 
peridia, } 

{ incnidis and little ') 

aecidii, I ’ 


only leaf spot" 
no result, 

{ pycmdia uid aeculu with ) 
1 long pendiuiii, / 


^oTC. — Ilefore the relationship of the teleutospore forms was known the 
aecidia were designated respectiTely Poeattlta lacerata on Crataegus it roniuia 
on Pynii Avcvparia, and Jl ptnctllafa on Apple 


The most abumlint germination of sporiclia takes place on 
species of Crataegus, anti pycnidia (siiermogonia) maj maki 
their appearance within fourteen days after infection on little 
yellowish sticky spots on leates and shoots By the time conidn 
(spermatn) hate made their appearance, deformation may he 
far adtanced I did not succeed cither in procuring germination 
of the conidia, or infection by means of them 
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The neeidii nre (lc\eloi>ed about tlic beginning of June, and 
on Ciatacgus tlioir pondn in dohiscing split up into ^ery 
narroN\ lobes so ns to fenm a bristl} tuft o\er the mouth of 



each aecidmm On cultuating infected plants of Crataeff"^ 
indoors I found the pendia to develop quite nbuoTinallj » thoj 






MNOsr»m4Nflu M. 


n‘5r 

may bo ns long ns 10 mm nml nit? In-nl liko a Imrjj (I'li; 210) 
A similar case is <lcscnl»c<1 l»y Itarchy* iti uliidi tin* pcriiln 
of nocidia on ttnhunm wen* seri if jinxhicrd 

in dry ^\eathc^, but Mmrt if in moist vcatlicr.* 

The aecidiosjK)ros me nlioil iliiriii^ the cirly jiirt of June, 
and germinate at once on the bark of jotitv' jmnix’r-li'ig'' ; 
the mycelium growing theiic«* into the «piirs nr bniichcs to 
spread and hibernate Tclcuto'‘iM»rcs which gtrimiiati* on 
I’omaceac other than 'spcciis of Cnt(iifgii% have apiKirenll} a 
normal mycelium, but proluce pycnidia onh, or nicnlia with 



Ftrt SJO — Crou Mctlon tbr^ueli s swcUidk ctu'Xd >7 
Juniper itein , rQreocbrni4«nth Urge nlhaud tbin wiUa t 
quuotltp ( Alter a oernle ) 


•poranjiu n on 
»t in •biiunnel 


peridia difieriiig from those on Crataegus My own e\penHients 
on tlie quince and mountain ash regularly produce pycnidia only 
IVakkei’ sunimanzcs the anatomical changes induced m 
deformed shoots of hawthorn as follows cork, collenchy’nia, 
sclerenchyma, and chlorophyll are not formed, lignihcation of 
the cells of medullary rays no longer takes place, and there 
are few intercellular spaces Interfascicular cambium is not 
formed, while actnity of the mtrafaseicular cambium is suspended 
at an early period, so that the \essels remain mcompletely 
developed The epidermis is irregularly formed and liable to 
rupture. All parenchymatous cells undergo enlargement in a 
radial direction Starch is stored up m large (luantity, and 
tlie formation of calcium oxalate is diramislicd 

*‘*On the life history of Puctinia toronata »tjr Aiinafen'rM,” 7Vtiii«. iiiiiKaii 
Sot , London, 1S91. 

*This probably is the explanation of the long perulia obtained by I'ejnt'ch 
and describe 1 by Magnns {lifrtthu d, natunrit* mtdic Vtiein, Iiiiflrwl, ISiTJ 91) 
^ Pnny’httm'a Jahrluch, lb92 
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The anfitoinic^l changes induced in diseased plants of Jtinxj)cnit 
comwttnts bj G claiartarforme ^\eic inNCStigated b} AYoernle 
under my duection Hia results were these in vigoious branches 
increased gro\\th took place in the wood, bast, and rin(l_, in 
sveakij and poorlj gronn branches, the nood increased less in 
proportion to the bast and nnd The most marked increasfr 
took place in the bast and to an almost equal eatent ail 
round the branches This nbnonnal growth absorbs so much 



nater and plastic material that higher parts of the branch 
gradually die off and dormant buds break out on the swelling 
Increased gro%vth results m increase in the number of medullar) 
rajs islule in the tangential section their height is increased 
from 2 10 cells to lO 20 and more, the wood parenchjma 
also more abundant and together with the rays frequently foiros 
Hi^c masses of parenchjma m the wood (Tigs 220 223) The 
tracheae no longer follow n straight course and numerous 
intorcellular spaces appear between them, the tracheal ualls 
frequently betome thickened and bale an increased number of 
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fissure like poi-es in phce of bonlcrctl piK The wood elements 
in cross section are no longer round but poljgonal, the bast 
becomes \cr} irregular, pircnchjina grows rapidl), bast fibres 
remain tlun-wnlkd and ba\c no longer n straight course The 
mjcclium fills the bast and rind, forming masses in the inter- 
cellnlir spaces, it is easiest found in the tangential 'section 
On the fall of the chib shaped sporophores, a scar is left and 
nuclei It will ho found a lajcr 
of cork mail} colls thick , when 
new sporophores are formed lu 
later )ears the} "cldom break 
through tlie cork la}er, but 
emerge through some new jior- 
tion of the bark 

Gymnosporangium trcmel 
loides Hartig^ on Junt2xn(^ com- 
munis The sporocarps of this 
species occur on the branches 
and needles , its accidia — Poe- 
htcha pcnici/Za/ci — on leaacs of 
apple (Pi/rus Maltis) Pi/rtis Ana 
and P Chamacmispilns Tins 
Rocstelia is externall} aer} like 
that of 0 claianac/ortnc on 
Crataegus The markings on the 
cells of the pendiura consist of somewliat wa\} lines, not of 
short rod like markings as m P cornula , and the cells of the 
peridium are joined b} a characteristic lunge joint (Fig 224, 
19 md 20 ) 

The mjcelium perennates in the mid of Junipcrus communis 
and J nana causing thickening of the twigs and a premature 
death of the distal portion abo\e the swellings The chocolate 
brown velvet} spore cusliions break ouC between t/ie bark scales 
on the swollen places about the middle of Apxil (Fig 225, i) 
The tcleutospores are two celled, the earlier formed cues being 
short ovoid, and slighti} pointed at each end, while the 
later ones are thmuer-walled and often more elongated 
(big 225,0 10) 

•llartig /liii'nie* of Treet Lnijlish c«lition, 1804 Dietel, Forsllieh naiur 
m<t Ztit*c}ttfl lb9o p 348 K. Fischer, lltdinj>a, 189o, p 1 




390 


UPEDINEAU 


In Ma) or June the cushions swell uo and become large 
bro\\nlsh-}ello^\ gelatinous clumps, dotted o\er vrith dark points 
the teleutospores Promjcelia arise from one or more germ 
pores m each spore, and gi\e off basidia with spondia (ba'sidio- 



C yun iKinn »— J and 4 aendii oo i^yrnt Iw^iinan't and S aacidii ol> 

A» langA <r rutyart4 


. tl I' and 1C aecidi .1 

' nro« aecidia anUiveo 

• c llUTP IS d fortned 

spores) capable of iromediate germination The f»ehtinous 
dries up from time to time, leawng a bright yclIo« scar on 
the swollen part of the host branch The epondia germinate 
most easilj on specie** of Soihus {Pyrv'^) Infections with 
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G^mno^jyorangiuvi jinijKrtnum L. nnd G trnnclhuln Ilnrt from 
twigs and needles of Jumperi/^ eommiom produced 


On Host plant 

**pore fortn 

Authorit) 

P^nu (Soi6u») AfKnip>in t. 

Ro^leh 1 fvriiuf i, 

Tiibiuf 

rotundi/oti i, 

aliort ftccKlin, 

IWthai 

Pynu 2 Mu4i, - 
PyriM {Sorbirs) 

||>jciiuha, 

- 

Cydoinn lidgari). 

Roesletia (J), 

„ 

Pyrus {Sorbut) Aucxijvtn f 

in 

riowrijht 

Pyrus Jfalm, 

|t\ cill<ll-l, 

Thaxtei 

Antflancfn'r canadtimt. 

IlotUlt t eomiit 1, 

„ 

Pyritt {Sorbits) Intr, 

It jientcillal i 

Ilaitig 

Pyrui Miduf, 

It jyenicdlat !, 

Nat\ a'ichiii 




}[t>pilua macToe<irpn^ 

spot*!. 

Pc) ritscli. 

Pi/riu 

thick SJKltl, > 

, 

Pyriu *ln«, 

p^ciiuli'i nnd nccidn 

, 

Pynu (^orlua) .!n 1 * Chfimnemc^p , 

, thick gJKltS, - 

, 

I'yrut Villus, • 

pitindianjid atculii, 


Pyrut (5or6iM) Chamncinc^ptlits, 

pacmdia onlv , 

, 

Pyrva {Sorbui) lucup'/n i. 

p)C«Mlnand attidia 


Aronxa rotundifoUa, 

.. > 


Pi/rus {^orhu) tonwutUs 

p)<nidia and •‘puts oiil) , 

, 

Cratatgus Pyracantha 

Cydonxa Mtlgnris, 

Pyrus ititUia, 

Itoiletia psiHCxlhita 

Rostrup 


Formation of pjcnidiil spcrmogonia alwajs precedes that 
of aecidii 

This fungus IS of practical import on account of its occurrence 
on lea\es of apple-trees Its attacks maj bo \erj Mrulent 
and avidelj distributed Eriksson mentions that near btockholm 
It IS common on apples and so virulent that man) trees have 
eier) leaf studded with Jioc<itcha (American apple trees suffer 
from Jlocstclia pirata, the aecidia of Gifmno’fporanfjiiivi viacropx's 
and other species Seep 402) 

Gymnosporangium jumpennum (L) ((? comcvm Iledw) 
(Britain and U S Ainenca) Tins species, also frequenting 
Jun\prrii$ comxrnniis, is distinguished b) its shorter spores 
nhich, ns Dietel pointed out,‘ base a colourless papilla over 
each germ pore The teleutospores are found on both twigs 
and needles, on the former, howtser, the) are much smaller 
^ Forallifh natsrmu Zeit*cknfl, 1S05, p 378 
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thrtii tho'^e of G tnmdhuh* TIio aei' 3 tlio>pores— 
foriutfrt — occur on species of Pyrvs (Sorlvs), the} 'ire mucb 
sui'illcr than tbo'-c of Itocddia pcmcillala The 
thcm‘?el\es arc long, curved, and hornlike, while the ivalU ol 
the penchfl? celis arc he'tot with short proces«c* (hi? '24>- 
"Where Pi/rii-^ Jneupann occurs mi\ed with Jllohi’ 

It Ins been ohscrvcd that -?»<v cofiiuta is confined to th^ 
formei species cxclusivelv TIu, Jioc^telta is the cau=e of '' 
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iimked dcforuntion of leaves, petioles and even (though rarer) 
fuuts of Pyr»« iiiciijiaua and --InMm rctundifoha, both m 
the lowlands niul mouutaim 

I have produced lioc^tdta cotniita ou Pynis AuoipnrK^ hi 
nUificial infection with portions of spore cusliions from twjqs 
<d jumper ami have ob-served a mountain osh in cJoced forc-h 
witii abundant Pof teltn, dircctlj beneath an overhanging jumper 
with diseased needlea 
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AVocrnle in\c«(tij'itod tlic niidtomic'il clmiipcs milucccl b} tlic 
Aarious Ot/inimporangta frequenting the twigs and needles of 
Jnnipcrwi commnm^ In tlio needles the mjcelniin Incs intcr- 
celluHrl) , at first out'^ulc the cndodcntiis, but Inter also ponetrnting 
within this The sporogenons cushions originntc on the upper 
surface of the leif to right and left of the middle ncr\e, 
where the stonntn occur and hjpoderin is absent At these 
plnces a cushion or stroma of pscudopnrcnchj nn is produced 
and ruptures the epidermis (Iig 22G) This howc\er is nt 
once henled o\cr b} a cork foriiiation round the mnigm of the 
cushion, again to ho ruptured as the latter increases in size, 
once more to be healed b) cork-formation and so on In 



Ito —CompiiriMOo({t)noniul Juniper »«iMll««>ltUuDe(ObeiKi s tclcuto* 
«purr« of Gj HuatporaKyiam In a tbe double outljoe indintet tbe hypoderm 
tha central taicular bundle and an underlying: re'ln^an.il are ihuwn (After 
Wocrola ) 


this a) a corky la) er is formed under the sporogenous cushion 
and graduall) displaces it If m a following )ear the cushion 
be again formed, the scar is ruptured and heals as before 
Needles frequentl) remain iii position for two, three, or four 
)eai’s, but most of them fall off lu the first autumn Under 
the sporogenous cushion the cells of the mesoph)!! increase 
tvaU\ wv wviuibe’: awd sue 

In considering the twig deformations, M’oernle distinguislies 
the form assumed b) the Gymno-jporan^^ium on the needles, as 
just dcscrioed, from a form which inhabits the thicker twigs 
lloth cause deformation of twigs, but their effects differ as follows 
“The needle inhabiting form can only cause a slight swelling 
extending almost regularl) round the whole twig, the twig- 
inhabiting form, on the other hand, alwajs gives ri«c to a \er) 
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iimrKctl swelling on one side onl^ (I ig 227) In tlic iiceille 
form the swelling results from increased growtli of the nnO 
with ft simultaneous docrcaso of growtii of tlio wood, m the 
twig form the giowth of both wood nnd nnd is much nicrcssed 
"With the twig inhabiting form tlio medullary ra)s nnd wood 
ptrcnch) nift increase, and at the same time become Idled with 
iiijcclium (I ig 228), wlioreis with the otlier form the incduUir) 
rajs are at most onlj somewhat hroider and no jn}cehmn can 
bo found 111 the wood Ihe grcatl} swollen rind m the case 



ot the twig inhabiting him is duo more to increased growt i 
of the cortical eills thin to incronso of bist pireuchjnn, ni 
the nct-dle louii liowi\er llu swelling is thu result of increase 
of tlio list i-spLcnllj of the bist pareiich^nia In 
infected bj tlio needle form tho iiijcchum ma^ bo found a 
round but it lias ihlheult} in nial mg its wa) radiall} to the 
cnmbium, in the twig form tho mycelium as eul^ as tne 
spring following uiit-ction will bo found to be lu chsc contact 
with till caml lum on tho inficted side altliou„h it requires 
se\cnil jcira to p-iss ri imd to tho cambium on the ojiposite 
side ol tho twig 4 ho mycelium ami spores of the two forms 
diffi-r htlK from isch other 
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The stnhingl) clninclcnslic clca>ngc of the \%ood Ij tlie 
o\crgro\\n elements of tlie inedulHr) n}s nnd the uood 
pircnch}!!!! in the ca'^o of llic twig inhabiting form will bt 
«cen from the figures (big 229) As nlreidj notiad the 
sporogcnons cushions arc gcncmllj formed on one side After 
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the shedding of the cushion a cork} h}ei arises in the paren 
cb}ma underneath it and so a barl scale is produced 

Gymnosporangium sabmae (Did s) (Dritam) The mj cel 
lum hibernates chiefly in Jintjcns Salt n (Sa\in) and induces 
Bwellings on the twigs It also occurs on T Orjcthns^ 


> I foun I tl K 1 ost spec 
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J^tin t and Jnn jiltocntcia (A reix)rted occumnce ou 

Pinvf hahjKii^m^ is probibl} an erroi ) 

Ihe sporo^’enous cubhioiis are little dirk broun protubennc(*a 
Mluch break forth in spring from swellings, or on green 



Fir "ZO-r, Minrnnt Mb nnr (vn tn-ifri of ^ J*. ftt th« time 

of Uliir tioD of fivrca (t Tul>c U jl ot.) 

twigs ind sc.ilelca\es Tliese bodies absorb water, swell and 
run together forming transparent gelatinous misses (ligs 230 
and 231) The tcleutospores restmblc those of G jiniijycnnnw 
but ha%c oulj lour germ pores, the) germinate on the 
gelatinous masses and produce promjcelia and spondia The 
latter germinate at once, chieflj on Icaies of J*^rus com 
munis Hie p)cnidia are produced on the upper cpulcrinis 
as stick) )ellow spots bo mug darker dot-hke p)cnidin Tlic 
nccidia {hui (dm canccllaia) are found in September on tlic 
under surface of the leaves of pcir, nl'?o on leaf jiotioles, )Oung 
shoots and even on the fruits Tlie i>erulia diflVr from both 
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the species nlrcidj dc'cnbed in reoi'iining closed at the apex, 
the spores escaping through trcllts like slits on the lateral ^^alls 
of the peridia (I'lg 234) 

This fungus a\ill not gcnnnntc on npplc-trees, but on pears 
eaerj leaf nn) be tlncklj co\crcd with accidia and pjciiidn, 
and considerable damage to the crop thercbj ensue (lig 2 Jo) 




lie 4J* — TeleutMpore* of 0 »n6 nnt 
Tha elongated tbin walled ones are 
liRbter Id colour than the th k walled 
(After W oernte ) 


Infections on aarious hosts with Gymnospotaiujutm snbinac 


from Junxpaus Sahina \ 

gue 


On Iloet 1 lant 

Spore form 

\tithont\ 

I'lfTVs cominujiM, 1 

Crafae^us Ox^ocanf/ » 

i (i) 

Plo'wnnlit 

MespiUti germ mica, J 

1 

Oerstedand DeHart 

Pyrus commumf, 

Hfuteha caiicellat t 

Tiibeuf, ett 

Pi/rua comniHjii#, 1 

„ VicAatfxn, 

[ 

Rees^ 

„ tomentosn, J 

Pgru* commuHi#, 

1 

E. Fi-Nclier 

Pprus communm, 

, „ 

Klebahit 

Oryacinl/i<i, 


t, (uucerlain). 
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The Rintoimcil changes exhibited in diseased parts of pear 
leaaes ha\e been bneflj de'senbed b) leutzlmg^ He found a 
radial elongation of the cells of the spongj parcnchjma and an 
accoinpan} mg accumnlation of starch "W ahker about the same 
time obtained similar results in the ci«:e of Cralacgm 
deformed bj G claianarfoime (<ee p 387) '\\akker oh cr\e<l 
A diminished formation of calcium oxalate, Fentzlin£: howeaer 
found increased deposit of the ^Mwe sqlt not onl\ m the form of 



F o. S3 — Cru o xtmna u *ufr » in Ibe iomi of /fxj f can llala ou 
I ITS* of Pf^r A few tw gs tbowii g the «b>i dance of «« dla OTor the wbol# 
trev. (T T» bcuf | Lot ) 


Isolated crystals but as masses Cork formation avas suspended 
in '\^akke^s case while in Itntzlings a partial formation of 
cork was distinguishable beneath the epidermis The increased 
ihickiie«'S of diseased lea\cs is due principalh to multiplication 
of the sponga parenchyma the upper Iners of which frcqiu-iitb 
become more or less palisade like ^Mien pycnidia (sperinogonia) 
arc formed on the upper leaf surface the pali'sade parcnchy ma 

* 1 cntzlu g {lor fit )ni I Pcgl on(/ir la It t atoio^ a I (jdalt ii ) nt*o J***^*" ^ 
tl CSC Mterottons 
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of the spot m question is either completely clcstrojed or trnns- 
fonned into irrcgxilir cells, soynTated h) inlcTccllolnT spaces 
The anatomical changes in spellings (Tig 235) induced b} 
O. $aht7tac on Jinuj^erus Sahtna were inxcsligatcd by Woernlc 
With the following results AVowl, hist, and rind are increased 
i-ound the whole circumference of the stem Along with 
the broadening of the y ear-rings, lioweacr, there occurs n 
change in the structure of the diseased wood. The same 



tissues occur in the j ear rings as already described for G 
(laxnrmtformv, aiz IhicVtncA twisted ttacheids, loosely connected 
together and with fissure lihe pits, medullar) rays more 
numerous and broader, the limits of the yearrmg difficult to 
distinguish, and a yellow pigment deposited m the walls of 
all the elements A tissue of this nature may be found round 
the whole circumference of a ting e\en in the first year after 
infection, and regularly’ each succeeding year ^Voernle only 
rarely found rones of irregular cell-formation like those 
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clnnclen-^tic of (r dnranrrjormr So m}cehum occnrred m 
tlie wood A compari'on of norm'll iinth that of infected 
t%\i2S receded changes ‘similar to tho«e olreadi dc'cnW for 
0 f/ai a In addition, it is to Ikj noted that tfc^ 
thickened lia^t-fibres no longer occurretl in do ed ma"0, 
were often completely ab'cnt m the fir^t year after infection, 
while in all di'-ea‘=ed twig^ e\ery intcrmeihate stage exi 
between thia-walled bast elements and thick-walled Ki't-fibre' 
‘such as neior occur in the normal twic;<;, in fact, many twig' 
h ul thm-avalleil element' onh 



The 'porogLHOU' cu'hions of G '^ihmnr are formed in qmt<- 
a different manner from those of G djrxTipfjiyrvi' Beuea. i 
each cu«hion tlie bast increase^ aery rapidly and form's an ont- 
^owth winch i' “till further ealarred b\ the addition to d' 
apex of 'ix or ‘se\en row- of radialla nrrance^l cell', roundtr 
and «nialler than the ba't cell' of the cuduon Tlie mactlm^* 
ptnetmtcs. between these outer cell-, and form' o\er the who «■ 
cellular outgrowth a p^eudoparenchyma from which the «por>- 
genons ti^'Cc an--<.' 


( \M\o«%nirvNt.iiM 


•tot 


A •ilnrjil} dclinctl rouiMh^ih •'Cir of n colour 

rcm'v\u«i after the ‘s^x're'. au* lh\s js com]>oM>tl of w 

«!upcrficnl hjer of coloured p^emlopireiiclij un with au under 
lying senr ti«5Ue of chancleri«;tic conMitution 11a httcr lou- 
'i^ts of se\cril hnti-s of cork cells extending from one edge of 
the «cnr to the otlur, cepariting the cu’shion from the tuig- 
ti«sue<! Thi«! ccnr*ti«sue is not broken through next )tir but 
the ne« ^ixirogenous cushions breik out through other part® 
of the bark (tig 230) 

G confasum Plowright* (IlntAin ) lliis i‘5 found on 
Timtj’crifi jSWiiHrt along with 0 saliiuu from winch it l^ 
difticult to distinguiMi Pjinidn and iiccidn are produced 
generally on Oiyacantfta and f^c/ojim ri'lffari'^ rnrcl} 

on Pi/riis eoinmum-^ The aocidui on Cxttnoji’s resemble tbo^c 
of G (laianac/ounc on the same host and tlehi«cQ bt the 
ruptured apex of the pertdiuiii Tho«e produced on 
fommi/His are distiugui«ilicd* from aecidn of G s(T?n/mi on 
the '‘amo ho«t b} dehi«cmg ilirough the oi'cn nptx of the 
peridiuiii 

Infectious of Gipn confuitmi from coumvni^ gi\t 

the following result’* 

On Ho«t I laiit Autliont* 

{"'S'l'lJrllur""' 

Cnitaeju^ Or^ icaut/ (, , 

Pyru$ commuim , 

Crat legus Ory (ctmtl ' PlaMi^lit 

The following American species of Gi/mm^poianrjuim lia\e 
been described ■* 

On ArborMtae oi white cedar 

G biseptatum Fllis On twjga and needles of C'AmHfrffy^xrj i\ 
thyo^dfs and Lxhoccdru-^ rffc«jTrns The necidia on C/atnrym 
I’emfHi'ovT and Ainc/anc/nn cnnndeTtsts 

’Plowright Liineaii Sor i/oirrKa/ (/JoTai^) IBS' K tischer, Ztil'‘ehri/i f 
Pfian enlranlheileii i 1891 with Buinnwr) of literature Ktehahu tovKil 
lalurtrt^* 7tO»ehtft ii IS'll 

* t 1: ischec (tor cit ) 

*Jarlow, Tht Dfrtloiimtnt «/ tit GymM^iioraHjvx t>f the Lmltd ktatt” 1SS6 
and other papers Tlmxter in %'arioua tapers on (lyninosporangia 18HG to 
18ai HaUteil on I <^<rat>rr Pathology /or 188S U is Dept of AgH 

culture) gacs a rruim*', with descnntion am! figures of O vtacro}\ii uii 1 
treatment foi orchard rust yi«cher rttltthttf! f Pfnn vd-ranVieittn I , 1891 
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G Elhsu On Cha}iKuc}/}ioi 1 % thyo\(lr‘i The aeciilnl 

on nnd P mimti/olia 

On red cedar (Tumpcn-i tirytmn7ia) 

G macropus Ik Tim aecidn and ji}cnidn occui on Pt/rn 
}faU(s r coroMtom, P aihittfoha Ciatdcgns tumcnto’ia C 
Voxtrjhmi and Awflanchirr cnnaihnS7&, the} an knoii\n 



Jo -itcha 2 niata This is one of the commonest causes of 
apple nist and of the deformation known as cedar apples (I*? 
-40) The anatoinj of the latter structures has been de'crded 
b) SinfonP 

G davipes Cooke et I’eck occurs on 
Its accidia and pjcnidia are found on Pyrits Mah s P 
film and imrlonchxcr ccnnr/tnsis 

“^anfonl AttfiUofBoln j i , l>.s~ 
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G globosum iarl Accidia on Pi/ru-i Mnlu^, P rommunti, 
Ci/lonta luJgnrts Sorhus ttmrneantt, nntl species of Ctn((icg\is 
G nidus avis Thixt Acculn ind pjcnuln on Pyrm Malu<i, 
Amdanchxcr cnnndnx^x'i 'iml C>iilotua txdgaris On tlic red cedar 
It causes the * hirda nest' deformation of the brinch sjsteni 
G speciosum Pc'^k On Jvmjtavs 

tKcxdcxitahi, 

G Cunninghamianum Baicl On 

Ci/prcsstis tunih a in the l!imala)a 
Aecidn on Pi/rii-i Padua 

The following gencin do not occur 
111 Europe Coffopxtccinxn, 

Ahtohno Tnehotpora 

Eaveaelia alone amongst these 
contains pari«itic species of import 
nice The) all occui on Leguminosae 
and Luphorbiaceae in the warmer parts 
of India Africa and Amencx* 

Ravenelia Volkensu Hcnn has tcleutospore son winch appear 
on witches’ broom deformations of the twigs of an Aeacin in 
Usambara 

Rav pymaea Lager et Diet protluces its teleutospores on 
malformed branches of Phpllanthis m Ecuador 

Certain forms of Accxdunn which cause deformation of species 
of Acncia should probabl) be included in this genus (see p 410) 

Endopbyllum 

Teleutosjwres originate scrnllj on cu'^hions a\hich aie enclosed 
in a periduun similar to aecidia on germination a four celled 
proinj celium is produced* Isaacs of Euphoxhia Scditm or 
S''mpLrtnitm inhabited bj mycelium de\elop abnornnll) 

Endophyllum euphorbiae silvaticae (D C)(Ihitaiii) Accord 
mg to ^\ inter the pendia are regularlj distributed o\er the 
underside of the leaf of Evphorhta atnygdaloidfi the) ha\e 
white fissured margins cither erect or somewhat turned back 

■Detel Tlie CenHS Ratcnelia Jltdmga 1694 

* T1 e tcleutos]Mires of tl is genns n ight Le ilestribed as aeci liospores which 
PKkIhco pronjcclia 
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feporcs jclloxN and pal}goiml wlien attacl^ed rciinia 

broad, short, and pale coloured 

E. sempervivi (Alb et Scliw y (lljitain) The aecidmm hivC 
patches of teleulospores occur on wild and culti'atcd species of 
Sidwn and IJsihcinui The spotes jiroducc promjcelia from 
winch arise spondn which geninnatc on the same host plant 
Tnie aecidia arc niiKnown, but orange-red pjcnidm (speuno 
gonia) ma} occur Lea\es of attacked plants aic pile awl 
nbnormallj lengthened - 

E. sedi (I) C) TeltMitospores occiu on species of 

The genus ruccinios}>ff found in Kcuadoi contains few species, 
‘ind none of them important parasites 


Aecidium-Porms 

Thr icl(ttton\htj)^ of it/nch me vnccitain 

Aeoidium elatmum Alb ct Schw (Untani and US Americi) 
Iho witches’ broom of the aihcr fir® This Accidium is widclj 
distributed lu forests containing sil\cr fir 
and produces caiiKei of the stem freQUcntl} accoiupanicd V 
that deformation of ihc iuancii s)8tem known as a witclms 
broom 

In German) it has also been obser\ed on Alicf< A’erihaninmn'f** 
A cephalamca, A Pin^apo , m Korth America on A hals(ivu<it 
and in Siberia on A Ptchta 

As a result of the presence of tins fungus, globose or bairtl- 
sliaped swelling-, make their appcftrance on stems and biunclms 
of all ages and on all jnrt® of the trees A single stem maj 
carr) one or manj of tlieac, and thc) continue to increase with 
Its growth If, as is freqnentljr thc case, the bark coNermg 
the swelling becomes ruptiued and partiall) detached, then 
thc wood left uncoAcred becomes a wound, and falls an ea®y 

‘Le\eilU, BxtUu Scivift Autm , \M , 1821 

’ lllustmtc-d m Kprners iV'oIamr of Planif, Kngliali Fditiun (f'S 

*1)0 IW}. Pettmq, 1SG7 Wciw, "7nr Ketmtniss d Wciwtftnn^ 

krcb«c9,'’ 1 ortlliche JItJir, 1891 Hctk , '*J)er 

tiorlin, 18&4 , >vitlt lIlHotnitiona and lliblit>grapli> .» 

The canker m common tIirou 4 hnut BrjtsiH, but witches’ Iroonn hale i' 
l>ccn often recorded (Ldit ) 
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pio) to wood fmi^i * Ihc i)re3cnce of such rottnij' 

spots rciulcia the tree Inhlc to hrcnk o\er lu their neighboui 
hood, while the%, as well ns the swellings on the trunks, cause 
a considcuhle depreciation ni the \aluc of the timber 

The malformations of the branch sj stem known as witches 
brooms aie frcfpicntlj inducwl hy this fungus Ihej occur as 
i rule on the honzontil brmches and form a richl} branched 
bush ex-jil} distinguished, even at a distance h} a marked 



negatne geotropj of its twigs The brooms not unJrcquentl} 
start from a marked bas.xl swelling The} ma} be found of all 
81 /es, on }oung as well as old trees on niij pait of the brancli- 
s}Stem lud in all localities where the fir occuis (Figs 241 
iiid 242) 

The aecidia of Aecidunn elntiniim are de\ eloped oul} on the 
defoimtd needles of the witches’ broom's These needles are 
produced anew eich spring live onl} one season ind are cast 

• /Wy/*orm Harl git an 1 Ajanem adtpoiui m } articular accoinpaua tins 
i inker nn<l 1 ring alxnit Ueciy of the «oo«l 
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the same autumn ; they are small, one-pointeil, and pale fmnj 
an almost complete lack of chlorophyll. In tliese respects the;" 
are quite distinct from the larger double-pointed normal needle® 
with their dark-green colour and a period of growth e'^tenduig 
over se\cral years All the needles on a broom are as a 
mle stunted in the manner described, yet single hrauchc'' 
may be found %\ith needles quite normal; such contain no 
mycelium, or, if so, it h.is found its way in too late to haie 
any effect on their gionth- 



The various tissues of the mtches’ blooms aho undergo 
coricideinble modification as compared with normal twig'- 
tliicker and softer baik is present, due to the parenchimatoU'* 
cells of both outei nnd and bast ha\mg enlarged in size and 
increased in number , the cork layers are also abnormally in- 
creased. The saiiie changes may be obsened in the rind of tlu' 
swellings, and to this their increased size must be cliieliy ascribed 
The woo<.l both m twigs and swelling'; is much increased: 
the yc.ar-nngs lioweier are aerj aarinble, «ometimes tlici are 
broader than the normal, again Uiey may be diminished of 
even altogether wanting, where howeier the wood decix'i'e-. 
there the bv^t increases m proportion. Thi<5 lack of uniformity 
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111 t)ie grouth of tJu wood ilistiiriw l)jp eleinent'? •'o tint 
thcj nre urtgulirlj developed and mori. or less twisted* 

A mjeehum inhabits tin. tissues of abnormal twigs and 
canhered swelling's It grows in tlie intercelluhi spices of 
the nnd between the Inst cells and outer pirts of the wood 
and derives nutriment b} nicins of Innstoni these either bore 
through the cell wall': or onlj preis closelj against them so 
as to cause depressions 

Spore formation takes jdaco on the needles of the witches 
brooms The pjcnidia (siiennogonia) are produced on the 
upper side beneath the cuticle 
and emerge through it as little 
jellow points The comdia(e| er 
matia) are tinj globose colourless 
bodies Ihe aecidia come later 
during Jum, and Jul) m irugular 
rows on the under side of the 
leaf Their pendu break out as 
low dome like structures the 
ipicos of which ruptme inegu 
larlj to allow e«c »pe of accidio 
spores In spite of numerous 
infection? De Jjir} was unable 
to observe the penetration of a 
germ tube into needles or twigs 
of silver fir oise believes that 
infection of the fir takes place 
on twjgs winch linve just emeiged 
from the hud 

As a preventive measure all 
witches brooms should be cut oil 
before spore formation begins and 

stemswith canker w ounds should be renioveif during forest tbmiung 
1 or furtlier details the monograph of Heck maj be consulted 

Aecidium strobilmum (Alb et Schw )“ (Ilntam) Spruce 

• Note — Fj rtl er details of tl e anaton teal cl mges in luce 1 in tl e tissues of 
these witches brro la inaj Iw olitainel in the Uerman elition of tl is work 
(np 420-121) or m tie original thesis!} Hartmann {Anatom I ery/ricAi i j </ 
/itxtt btfrn lier Inangunl Dissertation ISO** ) (Elt) 

*nce«8 Pof/j I/onto d Con/trt 1S69 Oersteilt Vn/ rh for 
\{tld 1SC3 ! 
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cone rust, TJiis disease is found on tlie cones ul sjinice 
The aecidta are brown somewhat flattened splieres, and appair 
m largo iminbers on cones distinguisficd by their scales standing 
stiflly open even in damp weather (Fig. 243). The genn- 
tubes of the fungus find cntiancc in spring into the 
or young spruce-cones, ami the inycclimn lives jiai-asitic in 
tiic gieen scales without causing any marked change m 
tlicir giowth, altlioiigh the ovules arc more or less injured 
Xo injcelimn has ever been found in tlie lower cone-a\is, nor 
in the shoots, so that the <lisea«e ninst be tlie icsult of in- 
fection ))}• spores only 



TJie accidm br^ak out on tlie inner (larely the outer) side 
of the bases of the conc-scalcs ; each is enclosed in a firm 
brown lignifiod periduim, wliich ruptures bj’ a cross-fissure 
and becomes an open disc. Tlie ^oung spores are joined b) 
small intermediate cells, which are gradually absorbed to 
form a layer of gelatinous lamellae on the spoic-coats 
(Fig, 244) 

releutospores of tins .fiecidinm aie unJvnoun 
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Aecidmm pseudocolumnare Kuhn.* Occurs on nectllcs of 
ix-ctinafa in Ocrin.in} , in Ikituin, lio\Ne\er, on this and 
ct“\oral other «:pccics of It is tlistini;uished bj its large 

while sporcs from the -Jf« nilummtc of Cahjplo^pom (p 072) 
Aec. Magelhaenicum Berk This species occurs on \arious 
‘■pecies of barberr}. Ihe in^cclttini hibernates in the shoot* 
buds and cau«e^ them to do\eloj» ns witches’ brooms, bearing 
on the lower surface of their loa\cs neculin with long, white, 
«ac-likc peridia The allied teleutosporc form is as }Lt unknown 
Aec clematidis D C (Itntaiii ind U Aiiienci) On Clein‘iti^ Vtlalbi, 
C rut I, and otlier xjiecies It is reliletl to I’uccinui <iqropj/ri bU ct E> ^ 
Aec. Englerunum Ileim et Litid* imkluces a peciilm antler like 
Itraiitliui'' of the twig^ and leaxrs of a Cleiuatu at Kntrei (Ljtii) in the 
ftrc<.nn ^rchuxla,;© 

Aec pimctatum Pei-a. ( tec ^amfriptiuM I)C)<Bntnti ami U S America) 
This li a coniiiion specie* on turmone (t'lg 100) and Erantktx Tlie 
aeiidia haae white peridia, winch on dehiscence breik into four Inhes 
Aec leucospennum DC (nntain and US America) On .IncHio/ie 
urmoto^t (Fig 100) 

Act hepaticae Beck On Anri,ion« llrfHitica 

Aec ranuncuUcearum D C (Britain and U '*> Aiiieiua). On speciea 
of Itanuncvlu^ A collective name for aecidu of *eiei il «pecie'« of Viomyrt 
(p TIO). and Pile. «m(p 019) 

Aec aquilegiac Fer« (Britain and O'* Anieiici). On .[pnleiHi 
tulgurit and other apeciei. (free Pi'cctnut tigrostnh*, p 140) 

Aec actaeae (Opiz.) On Wives of -Ict.ifti $pie»ta in Europe and America. 
Aec barbareae D C On sjvecies of Dixilxiiei (Britain) (See P> < 
fethuiK, ]> 349) 

Aec circaeae Ce* On sj>evie< of Cnetteo 

Aec grosaulanae Sclmm (Britain and I S Anieiin) On Piles tirossu 
lana and ll riifyn.iii Klelnhn beheve-v it H related to a P.icci.na on Carex 
Aec bunii I) C On Coiiojtoihttn in Britain (See Pii“ 

hitorlire, p 33'i ) 

Aec pcnclymeni Schum On «|)CCiea of AoMteen. (Britain.) (See Pit"' 
fe'lKcite, p 3J9) 

Aec compositarum A provisional 8|>e<.ies mine for a large niunhet of 
aecidia frequenting Conipo^itae, and bv no means re'embling each other 
Aec leucanthemi DC A European s}n cies with its Piiremia form on 
C'tircr inoHfaJio 

Aec cyani D C On Cenhiitrra Cyanus 
Aec ligustn Stran-va On IVnet. 

'Jltdiajia, 18t4 

* Dietel, lotdH iso^ 

’Fnglers Volan Jahrlnrh, IS’lS 
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Aec phiilyrese T> On species nf PhiUyrta (Britim 1) 

Aec. fraxmi Scln\eiii Tliia causeii seiioufi <lania‘'e lu Amenca to tU? 
foliage of Fravmus itndi* nul Ft nmenmia^ It also appeareil m 
Ktirope oil the latter «ipecies iiitrofluced from America 
Aec nymphaeoidis 1) C On Ie»\es of fimtia/ilAginuni, 

Fymphaen (Biitain ) 

Aec pedicularts Lili On Fedtcvlana (Biitam) C^ee Fee 
p 3.1) 

Aec prunellae Mint On Ptimella xtdgarta (Critniii ) 

Aec euphorbiae Gmel »s found on main species of Euiihorhfr It n 
piobabl} the Aecuhnm form of Vromycca pm (Britain and US Amenca.) 

Aec convallanae tedium (Bntam and US Anitrica) probabh a 
proTisioiiil species name for aecidiaJ forms found on CoviatUirtt, Poli'j'x' 
atiim, l‘ari», Lilnm, etc (See undei Fuceitim ) 

Aec an Desin { lec ciraeoiitii Schwein) n found on species of Art'll 
(Britain and Us America) (See piicc pK <l<o tdii, p 349) 

The following sijecies Ate found on Acicn nnd «eeiii to hatf 
strong nffinit) witli the genus Itaicnaha 

Aec esculentura B-iicl prcKluces deformation of twij,s of 
m Indi i Tm igs of this kiud, liKem e shoots deformed Aec tirUca* t "" 
htmalujemp Bnrcl , and pine shoots defoimed b' certain species of 
nuum, arc eatm in sarinu-v jKaits of the uoild 

Aec acaciae (Heiiii ) on Jewm ethaten in Ah's^inia Tins i' siui ' 
Magnus to cause m itches broom deformation 

Aec Schweinfurthii Heini causes jualfotmation of fruits (f 
Fislula 111 Afiica , 

Aec ornamentale Kalji causes cursatuie of shoots of /om 

at the C ipe 


The following are some of the more impoitmt si'ccie" 
recorded for Korth America onl) 

Aecidium dicentrae Tret Leases of Puynt/a and Cot^dah^ 

Aec monoicum Peck Leiscs of Ambis 
Aec drabae Tr et Gall 
Aet lepidii Ti et Gall 
Aec. proserpinacae B et 1 

Aec Manae Wilsoni Peck l ^ . 

A Ts A Ts ^ /- fUii species of 

Aec Petersu B et C > * 


Aec cerastu Wmt 
Aec pteleae B et C 
Aec xanthoxyli Peck 
Aec splendens M int 


On leases of Pielett tn/oli tie 


In the cotyledons of Croton mot nntho ij >»• 
Aec aescuh PII et Kell 

Aec psoraleae Peck, uul Aec onobrychidis Burr On sjiecies of 
‘Pound, Amtnean Xatumift ISSS 
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Aec. Peckii Di Tom niul Aec oenotherae Mont Oii lcn% 0 '« of sjhcih 
of Oaiotf^ni 

Aec sambuci Scliwoui Oa K»\eH and stem? of S 'mlnrui 
Aec ceanotbt 1-11 et Kell 

Aec abundans IVck On ajiecies of Sympfoiinj put 
Aec cephalantht Sejm On Oy/afiiif/iM occidesilcile 
Aec engeronatum bchwein On mim species of Enjeron 
Aec astenim bcliweiii On s|Hcies of Uter ind ^ luhrjo 
Aec polemonii Peck On /Wrtwoniwn ‘iiul J'lloi 
Aec apocyni Schwein On lei\es of Apnejuun 

Aec Jamestanum Peck, 'ind Aec Brandegei Peck Onlea\tsof sjiecus 
of Aiclepia* 

Aec myosotidis Burr On leaxes of l/yoio/m »em / etc 
Aec plantagiRis Ces On leaves of 8|>ecies of I’lt) tij<i m him>j)e anil 
Amencji 

Aec pentastenioms StUwein On H|K.cies of I’e tt(e>uo\ 

Aec giliac Pvck 

Aec lycopi Gei'^nl On leives an I nleitis if Lpropvs eiropte * 

Aec mdis Genrvl 

Aec macrospofum Pak, and Aec sroiUcis Schvviiti On speciis if 

Pendennium 

Pendennium pmi (Willd)* is found on pine tree*- m P^urope 
Britain and United States A telcutospore sta,;© of tins lias not 
IS jet bten nlentihed although a xerj similir species (/'lu 
ikrvuum Co)nui Rostr et Kleb) also occurring on the bark of 
pme«, has been proaed to ha\t as its tcleutospore form C/onaitii'm 
(VicUpxadcvvx * 

The mjceliiini of Fatdnmnon pmi lives intercelluldrlj m 
the rind bast and wood of Pinv'x •^yhe P lancm P 
halejKTisxi P mnixtxma and P xnotdaxxa It lives and extends 
through the stem foi jears attacking the living cells and 
absorbing nutriment fiom them bj littk haustona Tlio cells 
of parcnch) matous tissues are those most gtnenllj attacked 
and the mjceliiim has been found to penetrate along the 
medullarj rajs to a depth of 10 cm into the wood road's 
The cells of attacked parts lose their normal content including 
starch and secicte crude turpentine in such quantitj as to 
completelj permeate their walk and even to form drops In 
this waj portions of the wood become compkteh satm itcd 
*R H»rtig A raiiIA«irf h d II a/c/ZM<iimrni 

*Klebahn Drrttltt d rf(w/ncA liotan Ctftll'Xhrtft IS'Kl 




ring ceases to thicken, but as the Jiijcfliuni scJiIoni Miccee<ls 
<hirnig tlie first year in killing the c.imbiuni all lound a 
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branch, the living portions of the ring grow on willi iiicrea^'ed 
vigour, and even attempt to cIo«c over the injured portion. 
This irregular growth, continued in main cases for jears, pro- 
duces abnormal cro«s-sectio«s (Fig 248). The mjccUum 
grows out centiifugalh from disenswl spots, so that the wound'! 
continue to enlarge, and the disease becomes easih noticeable 
on account of the deep channels and distorted swellings on 
the pine branches and stems j\s the disease spreads inwaixls 
into the stems, the conduction of water is inteifered with and 
the hranehes above such wounds dij up and die off "Whereas 


. t. 



F;c 217 — ftiul'-siiKT* ji !«• n, rt, llyceliil Mtviin develoMd ill tlie 

Hnd , ttis hoiit cells bare bccvme laoUted from each other and cotitnlii 
hauitorli.A ofthefungua (, Rasidu coiupoocd of much tmaller cella than In 
the needle iiihil’ltiiigaecldtt )>. The peridluni (AfterR llirtig ) 

young plants soon siicciiinh to attack, tlie struggle with old 
trees maj go on for jears Fresh infection of older stems 
occurs generally iii the higher jwrts of the tree, where the 
bark is still thin 

Pjenidn (spermogonia) are develojied between the rmd- 
parenchyma (periderm) and cork, generally towards the margin 
of diseased spots Tlie conidia emerge from the ruptured 
cork-layers of the bark as a honej-sireefc liquid. II ifaji 
states that this liquid is given off in such quantitj from 
species of Pcruhrnuvm in Japan, that it is collected and 
eaten b) the natives 
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urldjneve: 


'J lie aeculw appear in June as ^\nnUed jellow sae« 
emerging from the biik ot spellings Tlie} continue to develop 
in succession for jears on the living parts of atticlved 
branches, but according to Hartig they cease to 
appearance on old steins, even wlien a mycelium is present 
This disease is tlie cause of great damige to pines, especially 
^vhere planted as pure forest One case is recorded' of a 
lore&t near Kohlfurt where 90 per cent of the trees m an 
old plantation were “stag-headed" on account of a deficient 



Fir ‘’t* dtmi um p A Section thi>jOBh*diseiseil »lemot Pme 

^rtdusl kiUlng of the can bium b/ Cbe r {i Tubeuf^bot) 

supply of water in the crown accompanying attacks of 
fungus Until more is Knoivn of its Iife-history , prevenli'O 
measures cinnot be well extended beyond cutting down 
infected trees 

The following species of Pertdet mxxim ha%c been observ 
on species of Finns 
A On the needles 

Pendermjum oblongisponum Fuck (now (.uleufj orom srnecioiuf) ®'* 
P nils »/hestrie inti P oialrtara (p 374) 

P Klebahm, P Sorauen, P Stabhi. P PlownghUi and P Fjschen. 
0)1 Ptniis gjlceitni, rehted to i inons Hiwttes of Colroiponnm 
P pmforme Ptck On Pmvg tpecio^t m US Anitiici 
p cerebrum Peck On Pints riytrfi in Nortli Amenci 


* VI irKcr nt Schlesien lor«tierein 1893 
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P filimentosum Peck On Pihh* ponderot't, nl«o in Ainernn 
P H^rlenessii Moon On Pmm ponderota, P iniiginir, P Snhineana, 
iml P ’’ontorta in Cihfomn 



P brems Bard On Pmv* txcelta in India 

P complanatum Bard On Pmrta tongi/olia in Iiilia on rind aa well 
as needles. 

IS On the rind or bark 


PendenniuraComui Rostr 

et Kiel) (now CroJirtrlii^'n 
p S'*!) On 
Ptnut t>/hfstris 

P strobi Kleb (now Cro 
ttarlKirA ribic< 1 1 , 3*52) On 

Pinii* ''tro(iu*,P Lnmltrtt ««'», 
(and P Cei il ra) 

P pl^l(\^ did ) On /*inw 
xjheslr,$ (Britain and U S 
America.) 

P Qnentale C4w>ke On 
pjjiifi and P rirgiiit 

<11 I in \nierica al-o P 
loigi/oha in India 
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P Ravenelii Tliun On Pin f » stnl * in N itli \ii n-t (proIiH* 
ft % l^lt^ of /’ ollo) ) 

P deformans 'Ma\r On P \iiejj“i 

P giganteum (Mair) Oti h t » dei ^ Aot^t m\\ P TV d U j 
flits (nil'll s \tr» c n j ic'ttoiw il f >riiiAt(oii < f il«* 1 o-»t -P ai 1 

P complanatum Uin.1 On itii t I gfJ i ni lulu 

Tlio fo^o^\ln 5 ' specieh frtqutnt other ho ts 
Pendermmm cononim llmm' This aecidium lirat fniml I' 
l>e l>ir^ m Thuniui'i Jns reciiith hten nported in PinimrV. 

Ihtssn ami ViiKnca o in 
lf|tl>er l)i\nrjn h) \ Tulf-nf 
lU ‘September ISO" It nbos 
ihe form of Uw hr^e necitin 
which iinkc their -ippeirance 
on the outer or imier «ile 
the cone ^cnles of «pnice 
white peniln brcib throwah 
the epiilerm »1 tissues which 
then rennm as a browni'h 
Mioith nroiiml each riipturcl 
pcntlnuii {1 v 251) The 
sjKnes arc separntcil b) luhr 
inethUt cells ami their outer 
coats are stmUliil with polj 
^'onnl waits Ihe cone scales 
I canUj' accuha lontam a '•■f' 
Inr^c qimnliti of starch Ttl 
eatospotes of the species arL 
iiiiKnown 

Pendenmnm coniscans 
hnes " 'Ihe ni>cehma this 
fuii„us eecins to peronn ilc m 
tuigs and buds of spruce Twi,^s unfold from the hud *»’ 

deformed shouenetl cone like <;hoots bearing \orj sliort broid 
needles of a pale colour The necidm arc producetl on the 
deformed ncedlts ns broatf lineal casliions with wlutt pernh^ 
The} originate under the epidermis winch thei ruj>ture and 
1 reah rail on one side of the nectlle 

Twi* Po f/ I /ori tH l*iC • 

*1 witrup }flt A t fl I IttrAf // JSSI 



1 10 Aft m ro o -uM I I" I«r1 

n n » »por« IT ftilcrn «dUte cch* »/»l 



in IDJRMIUM 


417 


The soft hjpcrtroplued shoots are enton Tlicj occur chieflj 
m ScandiinN n, but receiitlj were ol»ser\ed by Gobi and Iranzschel 
m the ueighbourhood of St Tetershut^ ' 



Flu ‘’S®.— X <nJ«» n «rwc<in* on mil/ormed shoot* of 'ipnico Ths comp«t 
ftbnnmiil stioots thi hlf coT<red with «hl(o sccidut oontrvt itrooKlf with tl e 
normal jiorti<in« (» Tube if phot from nutorU) prrisentcd by Frof Frlc? 
Ups lU ) 


P Engelmanm Tlium On cones of I'tcta Smithiana (L S 
Amenta.) 

P piceae bird On neeillea of Puw SmtOnana 
P Peckii Tlium On iieeillea of Tevga canadtMii (US America) 

P balsameum Peck On needles of 16ie« Msnnen (L S America) 

P ephedrae Cooke On PpUedra in U S Anaerveo. 

P cedn Bard Ou needles of Cetlnu Deoifam m India. 

P Balansae Corn On Jeaies of /fminara otata in J«e'v Caledonia 

*Al«o reporteil ot llaslcmere (BnUin) GtttilUa M\ 159a 

2n 
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Util DINEAE 


Caeoma 

Oaeoma abietis-pectmatae IJeess ^ The aecidiospores may 
^ be found on the lower surface of }0ung 

N needles of silver fir, the aecidia are jellow 

if elongated cushions* situated on either side 

(lE of the needle mid rib, and are without 

I I pendia Pjcnuha (spennogonia) are pro 

i duced before the aecidn 'Ihe myceluuu is 

^ septate and intercellular with few Inustorn 

^ ^ ha\e found the fungus fairly abundant 

j/'c/nntae Needle of bOver ou the Alps tnd 111 the Diiuibe \alle) near 

Hr Blowing Cl o/im pitches J., , » 

on^t^^ower aurfice (* 1 ossau Teleutospori,s aiB unkuowu 

^ Caeoma deformans (Berk et Br ) Tubenf 

{U)omi/ccs dtfoimans Berk ct Br® oi Caeoma Asnmao Slnrai)® 
This induces the foimation of' w italics’ brooms’ or of antler like 
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lenlle^s shoots on Thvjopn'i dolnhmtn m .Ininn, \\liencc the) were 
sent to me (Fig<! 254 nnd 255) One cvnmplo (not figured) \\as 
as large as a )oung child s licul 

The shoots of the \\itchcs‘ brooms are furnished with \ascuhr 
bundles and possess parenchjma rich in starch content 
flach bnrich of the deformed shoot termi- 
nates in a heniisplierical saucer slnpo<l 
cncoma cushion, at first coaered o\er h) 
the cpidorniis, but with no pcndiuiii The 
eafe?)m-di«cs are at first brown, but attei 
the epidermis bursts and rolls back, the 
)eUow dust) spores appear The spores f"' the‘^‘'^re 

an«e serialh from rer\ short hrsidia, t!ie\ wdintr esurc cnitrged to 

J J > J ihowthoCofono-dl-Monthe 

are )ellow and ln\e stripei! inembrmes def* Tubeut 

The witches’ brooms also exhibit marked 
h)pertroph) (Fig 254) In the suppoiting bianch both wood 
and bark are consideiabl) inert ised Large medullar) ra)s occur 
rn the wood, and nests of thin walled p irencli) ma are interpolated 
between the regular tracts of tracheae so tint the general 
arrangement resembles tliat shown in lunipti b) Wornle’s 
researches on tfi/mnosjx>ran^tum The parench)inatous gioups 
of cells in the wood appear to the naked e)e is brown spots 
They are permeated b) a rigorous intercelluhr m)celium which 
semis olf large h lustona into the adiacent cells 

Caeoma lancts (Westenl)* On needles of fartr (Bntnii) 

C orchidis A ct b On orcliiils (Bnlain ) 

C chelidoan ''Ia,jn On C/ielidontiiM mnjM (B S Ainencs) 

C fumanae Lk On Corifiiali* 

C euonjmt ((5mel ) On Evonymv* ewro/wew* (Ilntiin) 

C confluens (Pers) On Rthe* alpinuix It mbr im etc 
C nitens (0 is tlie nell known Bhekberrj nut so Linimoii 

m thi. United States It is prob^bll a form of Puccini i Pecliana^ 

C aegopodn (Belicnt ) On iojupodiuin Ptxlayrarut and thaerophyUnm 
tiromaticui > 

C ligustn (I?tL1i ) On Lifjn^trum xnlgtre 
C an italici (Duli;). On iron mieulalum 
C allionim Link On urnnuii A oleraceum etc’ 

C saxifragae Strauss. On Stxifraqt granylata^ 

C mercunalis fMart) On Verc«riofM perenm*^ 

' Tins and ino«t of the other species are 011 I 3 stages of some iftlamp'om 
"Clinton Dotanicnl Oa tVt 18*15 p 116 

’ These three species ore gi\en ns British in Plo»n,.lit s Urt Irnrat 
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UP.rDINtAE 


Uredo-Forms of uncertain relationship 

Uredo agrimomae (D C) On species of Aorimonia (Bntaiii and 1^*3 
Atiitiica) Dietel regards it as relate<l to AfeUmpsora {Thocotjora) a/jn 
7n'jn>'ie 

U Muellen Schroet Ou Jlnbtt* frvUcotv* (Britiin) 

U symphyti D C On Sympfiptum ojicinalc (Britain) 

U phillyreae Cooke On pkiUt/rei ■m€<ha (Britain) 

U macrosora De lorn On Epilohtvm tetragoniim (US America) 

U vitis Tliuni Tins speiits first attricted notice as a 

Ituducing fniigUH in Jamaica in 1879, but it Ind been fniiiid previoush 
in tilt United States It causes spots on tlie tipper surface of learC'* 

U fici Cact On Ptcut Cantu in Itah and U S America. 

U quercus (Croml ) On a|^KCies of QuCfcus (Britain and U S Amenta) 
U ifidis On nnnj species of /nt (Britain) 

U glumarum Bob On ilun in Belgmiu and England 
U sorghi Tuck On ludepen*c in Greece, (coiupaie "dli 

UromytSi and Pucoina on the same host) 

U gossypu Li„er This has been ob-er\ed in South America cauuu- 
a lust on cotton plants and injuring the Meld of cotton It appeals as 
small purple bronn spots the spoies are oaal and jeJIoat 

Uredmopsis ’ 

[Tins IS n. new genus found b) Magnus to cont'nn seternl 
Uredmeae pinsitic on Ferns ^ The aecidml stage is unkno^o 
iho uredospores are abjomted singly fioin the ends of sporo 
genous h}pliae, thej are unicellular and without geimpor^® 
The uredosporc son are enclosed in a pseudopendium of elon 
gated tubulai cells Unicellular teleutospores (?) are gi'cn 
off from son similarly to the nieclosjiores I’liincellular telcuto 
spores .are clei eloped fioxn the mjceUum iii the intercellular spaces 
of the host plant never from crust-like son On germination 
four-celled piomycclia with spherical sporidia are produced 
Uredmopsis filicma (Niesol ) Magii On loner surface of fiond^ of 
PIxjgiUris {I'olgpodivm) ztdgant, cau<«iiig death 

Ur struthioptendis Stoermer On steiile fronds of Struthiopiem 
t/crm'iHva 

Ur pteridis Bitt et Iloln On «^Kdi«n ] (Edit) 

• Mns'ct xxf , p 119 ) states this species to he identical with C 

I min- of Lifecrheim [Leuif Q*n de ItolainqHf, 1890) 

" Ua^erhcim, Jonrnal of Mycology, \ii p 4S 

»I>itlil ‘ Undo j>oljpoUt (}\n) Oe»t>rmeh Irtan IS)t, <'1"'’ 

iKr f.attuiig Urtd.nop^ii’ lUr d tJent-eh tmtan Ca , 1S')'>, p 120 

* llicsc host plants do not conic strictly Mithui the scope of tins work, l">t 
Ik shirt note on the gcini'i is ntctssarj (Fdit ) 
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llie sporophore«; known ts Insuln ire structures with 'i 
dchnitc slnpe 'ind with litcnl brinchcs the storignnti from 
winch fi definite number of exosjores — bisuliosporcs — nro 'ib 
jointed the 1 isulu then becoming fimctionlcss risidii ind 
Insidiospores ire clnnctenstic of nil llisidionncetes conidia 
ind chlamydosporcs being produced oiilj cNCCptiomll) 

Ihc basidn genenllj arise from an c\tcnded laier — the 
hjmcnium — which in the higher genera form« pirt of a con 
spicuous complex sporojhore The bisulia do not tliciefore 
originate from the germination of a sjore as do the promjeeha 
of the Uredineae and Ustihgineae but from special spt rophores 
(rarelj from the micelium itself) whose surf ice tlic) occupj 
or in which tJiej are enclosed 

In the course of dexcloiment two nuclei ha\e been found 
to copulate in the basidial cells fhereafttr thej thvide and 
pro luce four (rarely two) new nuclei (Autobasidioni) cotes) or 
after the duisiou of nuclei cross septa are formed thus luakiug 
the basidia pluncellular (rrotobasidioniacetes) In both cases 
the nucleus passes through the stcriginata into the dc\ eloping 
basidiospores and on the gcimination of these spores it disides 
into two nuclei the starting points for furthci nuclear disision 
As just indicated two dmsions of the group nia) le dis 
tinguished (1) Protobasidiomjcetis (2) Autobasidionijcetes 

PROTOB^SIDIOJJICFTES 

Under tins cliss are included tlie At net lariear Filacnar and 
Treincllinae the first two possessing basidia divided as a rule 
b} cross septa into four cells the last with basilia ah diiided 
into four cells winch are formed liowexer bj two longitudinal 
walls set at right angles to each otliei A sterigraa ^rows out 
from each cell and produces a sin le spoie after which the 
basidiiim dies awaj Ihe lasidia of the Pilacrnc arc produced 
inside closed sporocaips (angiocarpous) those of the other two 
groups are exposed (gj miiocarpous) Parasites arc unknown 
amongst the Protobasidinmjcetes 

\CTOBASIDIOUTCLTES 

Ihsidia unicellular (aiitobasidia) the stengmata formed on 
the apex of the basidiiun and each p'lng off a single basi ho 
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fipoK ’Ihe linsidm oiij'mnlc fioiii usjdiU l!i}(r3 oi froiii complex 
ij)inLnm l)i()diict(l ut-hci insult Home spcdiil Htructurt, or on 
llu‘ Kurliict of special Hjmiophoits or on Ronic dcfiiiiti prl 
of tllOS( 

I ho ^roup niaj he sub duukd into tlio 
vtyri/n uml (including yVni/ZanAae) Of tliCM onlj 

till Ily]iu umiii/i t s coiilam sjhcus pirasitiL on plant'’ tin otliors 
mpliulo Imimkss Rapiojih^tis whtJt live lu tlio roiI ‘^omc of 
tht.ni IiowovLi taking pail in the foinmtion of mjcorhi/a 


lin HWIINOMMIlls 

lilt unutUnliu lunuln ^i\t nil fiom then upicts four (ato 
nnmhn fiom i ti 0 nin^ occui) slciunnata from each <f 
whitli a sin^U 1 isnhi sptiu m ahjointctl ilio baaidii an t 
liom ill! tvposid hjiinniu ulncli gtm ndl> octup) tht wli 
oi put of hu^e tomponnd «>]M>ro)))io)< s Ilic dost di't-1 P 
mint 111 the sponiphiu is uttuiitd in tin umbrella'’ of tin- 
Af/tii iiniir and tin lar^t disis of the /Wy/virm It 19 

tun iMst tlio lowist iiicix liU r 'ohi'^iihtuii tint tin 1 isuh'l 

lajirs ait irodmul directlj on tin oi^ins of tin* Im^t ami 
bisidm HUM diriill) from tin h>jilmt 

liiproihutui tilW ‘llui limn bisnlios)niLS nu lait hi a 
fiw uisis aiiniivst tht Pthfii,,,/ UrtMd and otlui^ bau 
nbsii\i.d (omdii and ebhm)dospoii.s (Oiiha tit), N'lab 

ftw yJ/fii »;j,m hui ih. lattti foiiu of Rptm, bnt m\ir 

lilt nutihutn h if u \ti\ \nind natnu H fu lociidj 

inliibits wiiod and m innin diHuint ssny bini^a 

dostinctnm of h^nilnd Iivhuls Olhir modiln ations art ‘=i “ 
in ilie lonns of m^tiluim I nowu ns iln/nmori'bs TliU'iotinU 
niNcorlura and olhti cb«Jtl\ fiUtd innssiS of aarious ®lnk^ 
\sliich will hi lonsubrod m ditail us oct xsmn uiiinu*’ Ibi 
loinultoii of tiainp loniuclions is also u spictal ft dun of tb 
nijiilniin of the IlMiunnm^Lttts In iiuui^ tasos the iu}e*h'’*” 
ntains Us Mtalita and {Hicniuitis for scxcid )tai’’ 

lilt nils 7 It fit'iiihuin (onsmts of pirisiUs winch pruh’it 
iimlfmmalion of ihiir host inuiu of tin J'lhfi 
hiiiirniotr an donllj tnemus of furtsl and funt ^’anlui 
wliiU as Wound pinisitis Mmn> of tinman spicnlh dnur'r'"''^ 
lin Moofal iiuans of tomHtm^ thim toiisisi jn enUUM 
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any sporoplioros ami applying tnr to the woviiul, nhilo diseased 
stems in the forc^st should l>e felled Immediate artificial 
clo'surc of Mounds in the wood is a verj effects o preventive 
measure.' 

The lljmenoinjcctcs me divided into Tovirnfcllrac, Eiohasi- 
(Unecar, Jfi/p'Khnnccae (includeil bj Ilrcfeld in the Tovxcntdlrac), 
Thdcphorcnc, Clnxancnr, Ilydnciu, VoUjporrar, and Aqancinrac 
All contain parasitie s|)cc»es 

EXOBAStDIACEAE. 

Exobasidinta. 

The basidia are formed on the extremities of branches of 
the ra}oeUum. which break out thiough the cuticle of attacked 
oigan" The mjeehum h\es inside the host-plant, and induces 
consuleiablc malformation The basidia emerge on the surface 
of the host (siimlarl) to the a«ei of the Etoasn), and fioiu 
each of the four sterigmata a single spore is guen off 

Exobasidium vaccinii Wor* (Itnlam and US America) 
Tins 18 the cause of a vera common and conspicuous deformation 
which aflects the loaves, llowers, and shoots of Vaccinttm T'liis- 
Idaca (Fig 25G) Leaves, where affected, become thickened 
and form iiregular blistcis vaiiUetl towards the lower surface 
of the leaf, so that the lower epidermis covers the convex 
Side and the upper epidermis lines the concavitj Chlorophjll 
is absent in the swollen tissues but where blisters are exposed 
to direct light a bright red cell-sap is developed Parts of 
the leaf ad^oinvug diseased spots maj remam normal and 
green Flowers or their parts undergo similar malformation , 
twigs become mnie or less thickened and twisted, then chloro- 
phjll disappears, ami a reddish cell-sap is produced On such 
diseased places spores are piodiiced during the summer, aftei 
winch the itoorl) developed tissues dr^ up and wither 

IVlien this fungus is present m the }omig tissues of its 
hosts, it exerts a verv marketl mttuence on their development 
The pilisade cells of the le.if become enlarged, while their 
chlorophvll almost vvhollj disappears, and is replaced by a red 

•Further details on this iKimt hai« alread) been gi'cn, General part, p 72. 

*VVoronin, Vtrhaii'l d rtaltir/or Oet , Fndmrg, 1867 , with 3 plates, 
llrcfeld, Sehtmjiitlpil t, \in , ISSS VVakVer, I'nnjthum'ii JahrVurk, l&iri 
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cell-‘5ip Cells of the p^reucln mi in flower and stem eiihrs^etoa 
'^till greater degree. lutercellulir spaces are as a rule obbtenteil 
but when pre'^ent are filled with a fine mjceluim Wakkci gi'es 
us further rc'-ults of the fungoid attack, cnstal-glar)d«, noniullr 
numerous, are no longer formed, but are replaced to ^ome extent 
b) mdistmcth defined crjstals of calcium oxalate Tiansitorj 
starch is stored up m larsje quantity Tlie fihro-va«cuhr bundles 



present n stnkmq modification, the prinmrj \Uem alone i» 
normal, the ae'^cls of the ‘‘econdaia wood remainincr rudimentary 
“ther parts are not ligmfied, and the phloem is onh indistinctlj 
laid down 

A m%celium xs present in all deformed pirts, but absent m 
nonnal green tissue It becomes massed to form a Ii.i menial 
layer beneath tlic epidermal cells or between their outerwalls and 
the cuticle. Tlie stcrigmnta do not exceed foui in number, and 
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from eicli fi spindle slni>o(l spore is alijointcd (lig 2 jV) The 
Insidiospores di\ide in x\'itcr b> foinntion of cross sopti, ntul 
n germ-tube arises from each teimnml cell On n joung leaf 
of T'nociniJM/i the germ tube 
penetrates and gi\es ri'sc to 
a mjcelium (Fig 258) on 
other substrita the germ-tube 
sprouts into sc\cral \cr^ fine 
stengmxtn, from the cviroini 
ties of which a senes of conidia 
arc abjointod , the conidia 
ma} gne off secondary com- 
dia, perhaps also tertnr) In 
iiutritue solution, lirefeld ob- 
tained an increased number of 
gcrni-tnbcs and a contmuons 
production of comdia , in air, 
conidia vrere produced on comdia, but inside the solution the 
conidia gave off hjphae from winch new comdia arose 




Tins Scohasiduim is \er} common on the cowberr} {Vaccinuim 
Vtfis Idata)^ It occurs less frequently on the bilberr} (T'hc- 

'‘'e^cral AmcricMt Fncaecae nre gt\tu as Itost plants m the " J/o’t Index ’ 


n<vstDiomciTLs 


4iiG 


cintum Myihlhisy caus,nig a prematuie fall of the leaf anfl 
suppression of the flower The externnl s^jijjptojus of the clisei«e 
differ boinewliat from those on coirberrv Diseased leaie? mb 
much larger than tiie normal, but arc neither thichenccl nor 
blistered, on tlie under side they Invc a whitish or rciWish 
coating, ond fall off casilj I have ne\er observed the disease 
on the stems of bilbcin In spite of these external differences, 
it IS behcied tine the boat plants are in both cases attacUd hj 
C m same species of l^iohaHidinm, but I do not hnow of an} 
obser\ations on the reciprocal infection of the two hosts 



A ifiseasQ ibie to an Sj.obasitliHm is hv no mean's imconiinou 
oil ( acciniu?n^jino,i/,n. (bog whortleberry) 2 shoots of diseased 
p uiCs arc eformcil while tbcir lea\Cs become more or less 
tliidcened and assume a beautiful rosy coloui 

On TJcnniion Ouyrorcos (true cranbern) the shoots and 
kaffets also tiecoijje tliiclencci aini rose coloured Uostrup dis- 
tingi.sdes tins ns a soinratc species {Xrahnsithi'm tamca) 

Ex andromedae iVck pioduces on Amhoimh jiah/din 
sunptoms siinihr to those ,nst described fo, the prsechad 
spcoics (liritam and US America) 


Talmf, tfit,(,e,t„„gui ' rr.lirj f Pjl„„ |s , , 
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Ex rhododendn Cram (Ilntam and U ^ Aiiictica) llns 
cau-ses Rall-hkt outgrowths on the lea\CH of the Alpine rose 
{L'ho(Iodai>ho)i fcrri'giytnm and Jili htrsuhiin) The swellmg'- 
ina} be siinll and fairh haitl or, attaiuuig the ‘size of chernc's 
or plumb the} nn} be soft and spoiig} so that the} shrncl 
up >50011 after the twig is cut, in colour the} are aellowisli 
white, but on the side exposed to sunlight become rose icd 
the Eiolo'iiihvin galls nia} eaeii be formed on the small rolled 
up ka\es caused b} attacks of imtcs 

Ex Peclcii Hals* [Tim species occurs m ibt flowers of 
A7i(IroTni(fa Mimnna in the United States It is confined 
almost entirel} to the inflorescences ami causes considerable 
distortion The bell shapeil corollas are lephced b} ones quite 
pol}petalou« and the oaat} btcouies raised aboie the ic 
ceptacle] (Idit) 

The following fi\e si>ecies lia\e Ikjcii recorded on Encaccic 
in America 

Ex azal«ae Peck On Jt/odoUnlion wiirfyfonni 
Ex. di«oid«UQi ElU" Ou H/ o Men Iron t<« <101 
Ex decolofans Ilark On Hholodei Iron tiecosnt) and /’ ovi lent tit 
Ex arctostaphyli Hark On Ire/ M iphyM ^ 

Ex. cassandrae Peck On i « colyeitlat i 

Other species to be mentioned are 
Exobasidium ledi Karst On /eh 1 polmlee 

Ex Warimngn Rostr (US Anietici) TliMoiauaion 9 /ri/ aji h 00 
S liyoj let ^ atfyera etc it causes marked lixpeitrnj ha uf the U aces and in 
this wa> as "ell is b' its main sniiller spores h distingni'>hed from 
Ex Schinzianum ^la^n On theleaiesof 5 jvn/r»y i ro/mif/i/ofta caiKing 
"hitidi spots "Inch « on become Irown and die 

Ex symploci Flhs On &jmploc * tuetona m North America 
Ex. graimnicolum tins Oi leaio <f larious "ras<is e<j Dronv < 
\rrhenatl ervm, etc 

Ex Uun (lejPis Kill to prtMlnce brancheil out^mwtl « of o\er three 
feet III leiif^th on iMunit itobthy and / m mk’,), , n the ( in in IsluiiK 


/m'J I ro^/Af/Kii OIi^ii occurs on Ihe witches broom otit 
growths caii'id la T ipl nna eornn eertt G 1 511 in itpidini arntiturn 
in India 

•llatsteil Billr/iH of the Torrey Clnt \\ isai p 4T 
»( ejW Poiai Zttlin I 1874 p 322 1 1 Ml 
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THELEPHOREAE 

Thelephora 

Tlie sporophores of this genus nssume ^cr) \aric(l forms fiom 
simple incrust'itions to mushroom like structures Thc\ consist 
of two Hjers onh the middle one hcin» ibsent Tiie bisidia 
arc club shaped and produce four rouiulish oi o\ il h}alinc oi 
light coloured spores 

Thelephora lacimata Pers is not a tiue parasite jet it is a 
dangerous enough cnem) to trees In damp situations it is 
common and thrnes growing oaer jouug trees and so eiueloping 
them with its sporophores that suffocation ensues (Bntuu and 
U S America ) 

Th pedicellata Schw been reportwl from Aiiienm* ai a danRcn «■* 
panute on applf, Q cow «? ai d a |altt 

Th pcrdix Harti" a parasite on oak wood ('^e Steret m fruitulos ti i ) 

Helieobasidium Mompa Iclnk * Tins is injnnous to the niiilbcrrj tree 
near Tokio Japan It first attacks the loots an I m consequence the 
qrowtli of shoots is arrc«led the joung leaces die off, and gridinllj death 
of the tree follows Tlie inacehum permeates the tissues of tie lost an 1 
forma m external lelrcta coating of basidia 

Sterenm 

Spoiopliorcs gencrallj difltrcnti itcd into three lajers am) 
forming leather) or wood) encrustations or flattened hemi 
spherical structures attached b) one edge onlj 

Stereum hirsutum (W ) hr W lute piped or jellow piped oak 
(Britain and U Americx) A aerj common fungus occurring as 
ii sapiophjte on dead branches on boirds and posts of aarious 
kinds of timber as well as pansitic on liaing wood particular!) 
on oak 

The sporophores first appeir as crusts later the) become 
cup shaped oxternah) the) arc brown and rougld) hiir) with 
acute jellowish margins Tlic smooth h) menial lajer is orange 
red and marked b) zones Between the sterile leather) sporo 
phore and the hjmeiiial laser there lies a firm whUt 
intermediate tissue 

M illows} Jotinnl of Mt/tolo-jj \i p US 

*Nobujiro Iclukavri A new h)iiencnn}cetoa< fungus Jotr of Colltij^ of 
Sciei re Iinpeml Uni\crsitj Japan Isa© 
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NVT7 Oi ... 

this fungus viv ua< 
his a uniform «h,l \t ' 
rouniloil ^pois « r \i 
lienee it tcctncs \\, 

“ partridge w ood " 
the wood has h\ the ii,j, 
in}celuim bceonio irouf ^ 
cellulose, the niuhUc hnuU* 
starch grains hemg di<s«ol\ol nji ^ 
the neighbourhood of „M tii. 
caMties the process of iU<onn»«,ti % 

IS slightlj changed so that ih< c.\\ 
walls disappear without puMous ttanv 
formation into cellulose 

CLAVARIEAE 

Typhula 

Sporophures fil imcntoiis, and os 
a rule, dcN doped from sdciotu 
Uasidta with four colourless smooth 
coated spores 

Typhula grarainum K«rst ‘ Jhis 
appeareil on wheat plants in Swuh ii, 
killing them and forniing jdlow 
sderotia {Sdriotvnn full urn li ) 


kv'.’ 
I-jTjsi'.J . 

ife:- 

'f'-'S.-fC-' 

i> i) ’ “ 1. 1:!' 


HVDNCAC 

Hydnum 

Sporophoros itr) \ imhli in (uim luid HiriKturo ii 
liMiienial lajors art sprtail «n<r tidhliki pioji ( 
hisidia heir four niutc siM>res ^ 

Hydnum diversidens J r - (ItniuiiO I Ik ''i.oiMphon h fn,, 
jollowish white crusts or hrickitH with hjiiui uighuvihs 
the lower suit The lijiutind lijir loiisiHin ni 
(irilj hter, houeur JijpJiai gr»>u up /{ 

'tnks.on laulllr Util Halt i i , 1.1 ih-’d 

*1. Harti^ Zfrmt v! r0fhf Ht /»u 
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over It ft new liymeiiium ; this is continued for some time so 
that tlie spoiopUore consists of successive layers, and the spun 
outgrowths become much thickened. Infection, as ^\as experi- 
mentally shown by Haiti", takes place on wounds. 

The wood-destruction, consisting of ft white-rot, was stmhctl 
by Haiti", chiefly on the oak and beech. It begins by the 



Ft. .’6’ —Voluiorut IgnKirtitt Ciu«infr<Ii >11] of n \\hUo AlUr 
I ttncii, '^tniirer Tlinl TjtoI The •tein'i bo\r aroroi horcs. niul dio from n.Kjro 
iIowiiMinU (] Till ciif 1 hot ) 


appearance of yellowish longitudinal bands (not white ns whh 
Stcn mn hirsnlum), ixwd extends gradually till the wood become'' 
uniformly yellow. The in^cclmm causes tlie inner la}ers of 
llic cell-walls to suell gelatiiiously without pic\ions tnansfor- 
malion into cellulose, ami flnnlly to dissoho out le.iMiig th*-’ 
middle Inmellne lon';e«t intact 
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Hydnum Schiedermayen Heull (U S Anienc'x) Sporo- 
phores flesh}, with a sulphur-} ellow colour both outside and 
inside and Viith a smell of anise Tlie} occur on living 
apple trees, less frequentl} on other species of Vijrns Accord- 
ing to Schroelcr, Thumen and 
Ludttig the in}ccliuin spreads 
through the stems and kills 
the trees 

Thumen^ thus desciihes the 
di<5ea‘!ed u ood of the apple It 
has a greenish } ellow colour, 
winch passes o\er graduallj 
to the normal colour of the 
wood it becomes soft and 
friable, smelling like the 
sporophore, faintl} of anise 

Sistotrema fusco TioUceum 
Schrad (BnUm ) Tins accor<hng 
to Skiljakow* IS para«itic on livui,, 
puie^ eDtcnng b^ rounds, an<l 
carr} mg destruction llirougbotit 
tlie wood 

POLYPOREAE 
Polyporus 

Sporophores large and 
iisuall} shaped more or less 
like a hoof or small bracket 
The sporogenous lajer is com 
powd or cjl.ndricil tubes, ZiVL “ 

winch generall) occiip) the Tubeuf^hot) 

Ion er surf ice of the siiorophorc 

The substance between the tubes is different from that of the 
rest of the sporophore 

Polyporus (Pomes) igmanus (L.) ’ (Ilntam and U S America) 
Sporophores on In mg stems of oak, alder, apple w illow, and other 

'Thumen ‘ h in Apfelbaum Scbatlling ” / Pjian enlraiilhtirtn 1891 

* SLilj ,l,ow, Senpta bolan. horit tmirerxifolis Priro/iol 'annt, 1890 

*R Hartig Z<rHt nnr}triKhtininy h XI \a and \a I 
2E 
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deciduous trees ^ Tliey are brown or grey in colour^ tubei-liUor 
Iioof-sliaped, and continue to grow for several }ears; the upper 



Tiibeitf (/o*-.// iialiintf \ ZutKhnJl, ISOlj «lcscribe3 “ /< 

iwaiia 111 T>r'-'J, iiJiicfi tias Lilfctl out by this fungus ( 1 '*^ 

a co(iuii<>ii iJritnli sih-ciii (ICdit ) 
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side IS concLiitncall} iimrkod nnd Ims a stone hard coating' which 
IS gcncrall} more or less crack«!, s(,\era! rones and la}ers of 
tubes will I c found when the sporophorc is cut in section 

Tins fungus pniduccs a white rot m the wood, and is one of the 
most common and dangtrous of wound*pamsilcs Iho wood 
attacked bj the ni} cohum is at first dark in colour, then 
jcllowish white and soft Atconlmg to Ilartig, a dchcato 
m}cehuni fills up the elements and eats awaj the inner lajers 
of the walls then the middle laiiicllao arc transformed into 
cellulose and absorbed b} it (1 ig 2C4) 

Polyporus fomentarius (L) {Fames fomcntnnm (L) Ir)’ 
(llritain and US America) Imdtr fungus Spoiophores 

bro,ul and shaped like rcitrscd hnickcts or hoofs Thtir upper 
side at first brownish and \thtt), becomes afterwards smooth 
gro}, and maiked with bioid concentric rones The margin 
is rouiuUd and uniforml) grej The port Injci is smooth and 
grej ish brow n A loiif,itwdinal siction shows a homogenous 
tinder like mass covered on its lowtr sinfncc b) Ia}crs or 
rones of ports 

The tinder fungus is )»arasittc on l»eccb elm and mountain 
maple It is paititularh common m beech forests and was 
even more so at one itiiio wlicii Iht niftclcd trees were allowed 
to itmam standing Ihc ajiorophoris mn) be found on living 
stems, on remnants of trees broken b;j wind and on foiled 
trees lor somo distance nliovo and below the scat of the 
sporoplioic runs a fuirow on the stem marking a tract whore 
the mjcchum has penetrated to the cambium and killed it so 
that grov\tb m thickness cinscH (I ig 200 o) 

The mvcilium ciuscs m the wood a white rot of a hoht 
jcllovv coloui here the wood is still firm though disi ised 

It will be found to be divided mlo cubical portions b} white 
tiacts of mjcclitim which nm both radiill) and verticallj A 
larj c/iiincUu^Cic fntcfn. of the th.'stntccion coftsfsts of ?/roa(l 
whUt Icvllitr} hinds <f m}CLlium formed lu a ndinl direction 
through the wood tluse are lest sien on stems slnttercd bj 
storm m on v\rou,-bt tmiltr* 

'I »tnip TiN'Irirt M -f ry IsSS Taltuf Mittl t il ii ^cn I// j 
/or<r I JciT’l 7 It 7 ISS7 \ com n 1 ntish i>i>icu< ) 

»KnlUV?/f. ( f ,-at(rtnf t htU IS H) 1 #ui i.l i» o ii jcclmn 
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Tiluler, prcjureil from the soft central part of the tinck. 
sporoplioics, was at one time used, with the help of steel and 
Hint, for procuring flame. It is very eficcti'e in stopping 
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and hose. The privilege of collecting the tinder-fungi was 
rented out and regarded as a source of forest-re\enue, while the 
tinder-industry was formerly an important one in many districts, 
where sporophores were more frequent and larger than now. 

Pleasures against this fungus ha\e nlread} been considered 
in our General Part (§ 12) 



i 


Fig 2 a — fontnlantu on HvIdr Deoch n A furrow e*tenrtinK 
obo\e knil below th« lowrtioD i>f tb« trorophore I, An injury produced bj 
tenriog of the wood in felling (t Tubenf pbot ) 

Polyporus sulphurens (Bull.;* (Britain and US .America^ 
The sporophores are flat and soft, the upper side being bright 
orange- red and the lower sulpliur-jellow. The} last only foi 
one }ear, hence are small, they frequently occur in masses, 
one iibo\c another in tiers After death the} lo^e colour, 
become brittle, and are catih detached According to De 

*R Hartig, ZertKlztinnttrrclitiHttnmn A verj coiiimoQ sriecies in Rntain. 

(Fil.t) 
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Se} lie's* three other kuuh of sports arc produced in addition 
to hisi hosporcs 

iHo\% pophr o-ik sweet chest 
nut nl Icr as!i h izol \ onr cherr} 
robinn hreh siUer fir ttc me 
common hosts of this pnrxsilc 
■\^oo^ infested h} the iincclium 
darkens lu colour e\liibitiii„ a reel 
rot ^ essels and ill clefts or spaces 
become filled with white felted 
masses of mjcelmm Ihe wood in 
courac of destruction htcomes nclicr 
m carbo lijdritcs and the walls of 
the wood fibres shrint so that fis 
sures with an upward ri,,ht to left 
direction are formed hut do not re ich yo ^-Fopom 

the middle lamcllie tinallj the ‘ (Ai/r r unsr* ■* **’* 

wood becomes dn brittle and jowderj 

Polyporus borealis Otahlenb) Fr * (Pritam an I US 
■Vmenca) Sporophorcs animal white an I He 1 j the niptr 


i 



surface is sln^ } when fre«h nnd jio internal zones ire exlnbited 
The shape is sonicwhat cushion or I racket hkt bit Aerj Aanalle 
De Sejnes A al I S tnt. '' r \ \ ol i 

>R Hart g 7 r« f jvn I hq PI \ 
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many generally grow near each other. Tlie pores lia\e a torn 
margin and cystids are frequent between tlie basiilia. 

The Bj)oropliorcs aie common in spruce plantations, and are 
accompanied by a very cliamctcristic wood-dcstnictioii. The 
wood, in the carhei stages, becomes brownish-yellow and inter- 
sected by radial and vertical canals filled with a white myceliuiu 
(Fig, 270) (iradiially, liowevcr, it breaks up into small ciihe- 









like pieces, paiticulnilj evident when the wood is broken (1 ^ 
-<1) Ihc cell-wallfl are dissohcd from the ccll-cnvity out- 
\\ards, the ligmlied wall being first con\erlcd into cellulose and 
dis.ippcaring. imally the middle Ininella. 

PolyporuB dryadcus Fr.* jjsrw/oiy?jjVn lus Thill ) (Jtritain 
ami U.S America) Spoiopliores, nmnml, huge, sluiped bh'' 
tubers nr hoofs, and geneitilly situated towards the base of th'* 

•Ih Hiirtiif. X'r^rtiuiuj^frarhfmmujtH, PI XVII A cotninoM Ilritiili ipcch’ 
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stems of oak-trees. At first they are soft, Inter hard and brown 
with g^oo^es on the upper side. Tlic dark hcart-uood of the 
oak exhibits uhitc or jellowish longitudinal stripes of rotten 
wood con\erted into cellulose (Fig 272) In the white portions 



Fic Tl.—Potfi>oTVt dtyadnt Tbe njccltum tonak longitudiiikl ktripci 
In the Oik »oo<t (t Tubeuf I 

the destruction is more complete than m the jellow, nhere dis- 
solution of the lamellae has not ns yet taken place (Fig 273) 

A simultaneous destruction of the wooil bj P dryadcus and 
P. tgnxani's may occur (Fig 274), in this case, the medullary 
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myn npjx'iii Aiiowy wluto nt the plneo wlicri' tlio two fninH 
of rot nipot, iH (liio to an nctunnilntioii of slnnli left 

tho cM'lUwnllH liavo nlinost coiiiplctuly dis^iohcil 

Polyporus (Poria) vaporarius (IVrs)* (Hritin'ii mul lf.‘' 
Aiiii'iu’u) Tlic) H[t(iioi»ljori‘s iiro iui<l liavc a puii'ieiit 

odom , tfio) jonii tni^ls (iio\oi InnekotH) closely iidliiicJit to 
doiid suljstintn, cspoi'iallj to Iiomiis ujid otiioj tnnla’r m lniiMiiif'S, 




1 n .*< - / I*,'' 

lUt aifiitriK |i »triictl ii i' ' ■, 
I unUr Hio t until I, 

IliOm*.! Tliowi*. M!*. ".‘L 


IliOin*.! Tliowi*. I I* 
rfr.lcJ^ tlo |ii<-.t.i|1irj ni»' 

*«\ ttlillo, fr> 1 1 tlin n cumiiliU n »' 


«hui' lliH liMi-iis ,l„0N girat hnnii 'llicv mu iiKu riitiml, 

I'ui ui, l,„rl, „| IniMi; siunis nf spnuu mill In. Tim iluiliiiiU"" 
liiKuJ Mm l.inn ..f „ , 1 ,,. Iwumim,' r"!' 

I'i'iM II. ( liu Ivi il, anil *11111 llip in^rulniiii la fiiiitiil in stuiiM iiml 
imili Ilf liuis. Ill unu 1 ,*i III till. Mooil mill liulim tim Inill- 
.111 Mm miinii.. Ilf Miiiliui in t.iii|,|iii.,»i, .t Imnm riiii.sluijii .1 ulninili 
III 11 iwrimniuiit Hliilo I.ilmir Tliii liijiulial mnilliln uf 1 >'>' 
illl-riit fiiliuim |. 1 /i/ir/im. /ill I i/j/irnn) (lillui hnlll It ill I'clt'Jt 

H.n .....Iiii.ii In 11,||„(„ I. li.liiBlr.f. M'.lil I 
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nt fii'st ^\llUc but bccoiinu'; grey, and in exhibiting an internal 
(lifTerentiation which those of P. xaporanwi do not’ 

The h}j)hac in the course of their growth do not seek out 
the pits, but grow straight through the walls and bring about 
dissolution of the inuldlc lamella for some distance around At 
the same time numerous short oblique fissures in the walls are 
pioduced vertically one over the other, especially in the elements 



of the tlnck walled autumn wood (Compare with P sistohc- 
vwtdcs. Fig 280) The phenomena accompanjmg destruction of 
wood by tins fungus are so characteristic that Conwentz’ could 
distinguish It quite clearlj in tree-rcinains enclosed in amber. 

llrefcld succeeded by artificial culture of the spores, m raiding 
a injcelium on which basidix were fonned, at first directh 
afterwards fiom large sporophores 

Polypoms squamosus (Huds ) (Ifntain and U S America ) 

*U llsrtig, D<r tehtr Jlau*thwxtmm, Berlin ISSa 

*Coin\entr, .Voiio^ro/Aie d B'rH‘‘UtuUhim<, 1S90 
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Sporophores 'inninl occurring from spring to autumn , at first 
tender and flesh} later leathery or almost wood/ In form 
the} are short stalked flat semi circular or kidne} 'shaped and 
attached b} one edge , the} ma/ also be stalked and circular 
or cup shaped Their upper surface is }ellowi6h yith flat brown 
scales arranged in concentric lines The hymenial la}er is 
continued well on to the thick flesh/ stalk of the sporophore, 
it IS /ellow m colour and consists of short angular pores 



To y/w A JJ) iiu on p cces of Utt g A»li (t Tube f phot ) 


The spores are spindle shaped and colourless The fungus i'' 
cspecnil} common on liMiig inzel ash species of maple beech 
mountain ash horse ohesnut elm oak willow lear lime etc 
Ihe wood of the specimen m Fig 275 exhibited e\tensne 
w iite rot the inner parts being complctoh con\ertcI into a 
soft white spong/ mass of tn}cclmm 

Pol^onis hispidtis (Bull) I (Bntain and US Amtnca) 
biorophorcs annual soft and spon^ xuth a rough brown upper 

‘ V % erj con mon fonn o i ul ttw in llnla n 
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surface, and a smooth yellor^ish hjmenial surface. They are 
large and flat, the tlucVcst part being at their insertion 
(Tig. 277) Se\eral frequently occur on the same stem, especially 
if wounds or frost injuries are present. The spores are broun 
and roundish Conidia are •said, by Sthroeter, to be formed on 
the upper surface of the sporophores 

This species is a deadly cncinj of fruit-trees, especially 
apple. In the \icinity of Munich the sporophoies are common 
on ash. Schroeter gi\es elm and plane ns hosts, and rnllieu\ 



and Delacroix state the fungus to be ^cry dangerous to the 
mulberry m France. 

It causes' bioun discoloration of the wood accompanied by 
characteristic short ulute lines m both radial and \crtical 
directions, so that the wood liecomcs marked out in squares 
Polyporus (Poria) lae'rtgatus Fr* Sporophores dark-brown 

• Prillieui {DulUt lU la i^oe tnjfntcj tte /Von«, ix , 1813), gnr* <letaiU of 
tlie «lc$tniet»on of tlie uood 

’Mftjr. Botan CtntralUalt, MX, ISSl 
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iitid forming crusts on the Inrk of bircli Sintlmlnte c^stniis 
occur hctuccn tiic bisidin Spores colourless, nnd acutel} o\ itc 
in slnpo 

Uhis IS parasitic on birch llic nijceliiim kills nnd pcniicito 
the wood-pin nchjnm which forms the gieitei mass of the 
latci-forincd parts of cich jearnng, with the result that tlit 
\arious )cir*rings of the wood separato from cich other ns 
concentric hollow c}lindcrs Tlie in^cehiim snrics according ns 
Its pabulum consists of colls just killed, or of wood, or of 
eU'iiKiits 111 the last stages of decomposition, ni tins Inttei cise 
It snOtrs from want of food In «oml} elements m contict 

witli air, or tlio'sc destroy cd 

b^ Polifpuu^ hrlnlxn^i^ the 
m>cohiim is brown ami 
forms \tsictilir t}lo'<.'‘ 
similar to AipDicu^ iiirlh' 
Polyporus betulmus I r 
(llntani nnd U S Amcnci) 

1 he sporophon s art niiiiu d 
and emerge as splicncal 
stiuctines from the umn* 
pind Inik, or fiom hon 
holts of llcctks or othci 
wounds When iiiatun- 
tlie\ are hoof like or ■'Ciiu 
circiilu and short stilkid 
whin dcid iht} httonu 
soft and hruK otl Ihi uppir side is Imlit-hrown in colour, tin 

port la}tr is white A siitioii tiuough tin hporoplinie shows it 

to lx whitt and homogeiKoiis without /ones J^nciolale ijstilii 
occur bctwtin tlu hasidn 11 k t.poiXH are rod hi i Iht J'ort 
lajir and the uppir hiowii hscr aie i isdt detached, ami stiips of 
tin rtiiiaimng ti*‘MU ire snmctiniLs utih/cd as ri/nr strops 

Ihi*’ pirasito friipiciils liMiig lareias oltiiuateh causing di ith 
It IS kuowi to ociur oil Innli 1) tuUt t and />' /’>//<• 

m Hrit nil Amenta and I iirojK. Us pinsitism and in|uiious 
ixMilK w«n' first dimonstratcd b\ IJostrup* Ma)r“ niM'-tuitid 

tijK'r \«iRix1 1M1 vkntrnrcrno 
’Mnjr ! ^^n ! Cfitmllhtt m\ |Ss| 
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in grc'itcr detiil the (le«;tiuction biou^ht ibout hj its in^cclmm 
He found tint it penetrates lignificd cell mils entering the living 
elements and causing their death it spreads most rnpidh in the 
vertical direction through wood hast nnd rind growing through 
parenchjma nnd sieve tubes and even boring its wnj into the 
sclerenchymatous stone cells, it absorbs the secondarj thickening 
b} dissolving out first the ligneous mcnistation next the cellulose 
while the middle prmiarv lamella remains behind untouched 

Polyponis (Femes) fulvns (Scop) (Britain) Sporophores 
wood} and ver} hard at first hair} but later smooth dark 
and cracked, in foim the} are tuberous or trnngulai In 
ternall} the} show no stratification The fungus is ver} common 
on living plum vvhert. it causes undoubted injiir} it also occurs 
on homlean and aspen 

Polyporus fulvus var Oleae Scop In northern Ital} 
ma} be frequentl} oWrvcd a peculiar splitting of the stems 
of olive trees into two or more portions the fissures occur 
gcnerall} on the lower parts of the tree and ma} extend so 
deeplj that the stem appears to stand on stilts or props 
Hartig* ascribes this phenomenon to the presence in the olive 
stems of the m}celium of Polijponis /idus causing rotien places 
which are cut out b} tbe Italun cultivators the disease how 
ever continuing to make progress it ma} be neces^ar} m course 
of tune to cut «o dcepl} into the stem that tracts extendinj, 
light through ma} be removed this takes place all the more 
rapid!} if several diseased spots are being simultancouslv 
operate I on The destruction of the olive wool b} this parasite 
IS siinilir to that produced b} P t^nianii on oak nnd other 
trees The sporophores apj car on r»)tten spots but are g* ntr 
all} qiuckl} removed 1} the cultivator Infection tal es jlict on 
w omuls hence it is advi<5able at once to ap])l} tar after cuttin^ 
out an} dcca}cd wood and al'so to paint pruning eiits or other 
exposed surficcs with tir Neighbouring fnut trec« halle tu 
suffer from this «uiie fungus should be simihrl} ireitel both 
for their own safet} and that of the olive trees 

Polyporus (Fomes) Hartigii Ulescher {P ijnart s to 

It. llurtig De ''I'vltuig ler Oelb un e Fo h at r Z t Irf 
isaa 

*I Hart 7 THt ntfrur} n/ Pi \ II Fur$l h nrt r Z 

»rAr ff iSOa j Cl 



448 


BASIMOlIYCETtS 


pimmm Bresadola or P. fulvus Scop of E. Hartig), Spoiophoo 
on Sliver fir, less commonly on spruce. Their form varies mud 

nr.P.nrHinfT aq flioTr ^ .1. ^ . 


according as they occur on a branch or on the stem. In thfe 
former case, the sporophore forms a swelling below and on eaji 
side of the more or less horizontal branch. On the stem thej 
are more or less bracket like. The sporophoiea are reddish 
brown with a smooth upper surface on 
which zones are only faintly indicated 
or altogether absent. Internally they 
are of a brownish or tawny colour, and 
exhibit concentric strata, which do uot 
extend into the pore-layer, they are thus 
distinguished from sporophoies of T. 

and others. The sporopbores 
aie \ery frequent on cankered stems of 
fii where the canker-spots afford easy 
entrance for the spores 

The wood-destruction consists hi a 
\\ hite-rot The n ood becomes yellowish* 
white with clear spots and fine dark 
lines, especially where in contact with 
healthy parts. The mycelium is yellow* 
ish, and consists of thick hyphac with 
lateral branches forming tangled masse'i 
winch frequently fill up the cavity of 
the bordered pits This mycelium gives 
off Very fine branches which bore thioiigh 
the cell-walls and dissolve them in such 
a way that the middle lamellae disappear 
first and lea\ e the remainder of the all- 
tliickeiung foi a time isolated before it 
o IS ust.( up In this Way large holes are formed in the 
elements of the wood 

Polyporus sistotremoidea (Alb ct Sebw.) cP. SchimntlM 

r or niof/i? I-r of It Ilartig)' (Ilritain) Sporophores almost 
circulur mtl, u short tliick central stalk; while young they 
ore light brown niid spongj-, hut when older become dnik broiMi 
ami corky. The upper surface is downy; tlio hymenml layer 
oxiom s ar down the stalk, when young it is yellowish green, 

' H Hartig, Z'rgthuwjvrathfiHvnjfn, I’l. I.X. 
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Init liter mL« lixn\n 'iml on Kuu tmchetl «!etp retl Tlie 
‘‘IX'n.'' ire white ami \anons finn< of hitiN «erur niiK lu the 
ba'iilix ^oun" •sjv rophmr> njpear a** little lr>wn cii'liion's ii 
felleil timKr aUn tn livmc; *:tem>i of j im an 1 aicnnhn^ to 
’MajHim' on ci month pino 

The th«ei«e ^encnlli inakca ila hr*t 
ipix-annce m rxKits iml 1 wer imt*; <f tin 
«teni ‘=prt idinq thence into hi Jier |oti 
D i<(.a«(Kl woo*.l Ins a chincttn^tic <h 1 mr f 
lurjKntinc it Ins i renUlihlrowii c« lour 
and ae do tniction ] rocoeir' it ^ra hialli 
brinks and di iiitejjrates till it lecome so 
soft as to be ea«il\ I'owdcn'd Wtwocii the 
tmccrs AMieri bn.ken o\tr the wootl is 
oftin covered with \ thin white coatiii, of 
nncclmm incni«ied in re m so as to ajpcir 
like chalk 

The ravceliuin ixnetrates the Cell wall* 
m all directions. A \er) chiractcnstic 
feature of this parasite is fumi bed bv 
shrmkas’e fi ure^ m the thick walU of the 
tracheuU of the summer wootl (tin 280) 

The e are numerous and nin upwanU from , 
nght to loft oMcntling tl.roiiqh llic tvhok i.; "f 

wall to the outermost layers Thev differ *nd the wai wn 

from the fi ures in incheids do troved b\ Cnck. oc«,r la the dir 

s*«T'n Ury wtUl, wh le the 

P taiiorani in that ther run round the t) rtmUn*. inwct 

^ The eriril »ln dure ot the 

whole circumference Of the cell instead of recoadarrwtmciu^s m^ 

to? d the fis rea in the 

boinu small and set verticalU above each waiis ei «dio nine c«ii »t 

the torvlered fut*. r and at 

Esther hnles. d < where 

neither p ta nor hoi '« are 

Polypoms (Fomes) pmicola (Sw ) (b *(UteMhH*art^ 

America) ^porophores thick hoof like or 
1 racket slnpctl with a smooth dark jtrev upper side and a bright 
red rounded margin The hvmenial larer is smooth and yellowish 
the spore powder white In section the sporophores are wliite 
The specie-' is frequent on living stems of spruce pine and fir 
ilso on birch and chom 

Polypoms (Pomes) marginatus Fr (L S America) Sporo 
phores with red margins and otherwise verj like tho e of the pre 
ceding si>ecies }et generallv much larger and more extended 
2 f 
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jnmium Bres’idoh or r fulviis Scop of B Harty) Spoiopnorei 
on silver fir, less coinmonlj on spruce Their form vanes inuclj 
ncconlmg as they occur on a branch or on the stem In ihl 
former case the sporophore foirms a swelling below and on eac/ 
side of the more or less liorizontU brrnch On tlic stem the) 
are niou or less bracket like The sporophores arc reddnli 
brown with a smooth upper surface oe 
which zones are onl> fnintl> indicated 
oi altogether absent Intcinallj tliej 
arc of a biownish or tawn) colour and 
c\lub\t concentric strata which do not 
extend into the pore lajcr, they art thus 
distinguished from sporophoies of i 
iffiiififius and others The sporophorts 
uic \orj frequent on canl ored stcnis of 
fir where the canker spots afford tasj 
entrance for tlie spores 

Ihe wood destnittion consists m « 
white rot Tlicwoodbccomcsjenowiah 
wliitc with clear spots and imi- 
lines especially where in contact 'vdh 
healthy parts TJic m}cchiim is >cUo\v 
ish and coii'usts of thick hyphae 
lateial branches forming tangled washes 
winch frequently fill up the cavit) e 
the hoialcrcd pits This mjcclunn gi'e** 
oflT a cry fine branches which bore tluoUf, > 
the cell walls and dissohe them m sue i 
a way that the middle lamellae dis ipl 
first and Icai e the rcmanulcT of the " 
thickening foi a tune isolated loFom U 
tof. IS iiHd up In tins way large holes are formed m the 
ilemcnts of the wootl 

Polyporus sistotremoides (Vlh et bchw ) (/' Schccin^f"^^ 

1 r or /* M //k 1 r of If Hartig)' (Britain) Sporophores alino i 
incuhr witli a short thick ctntnl stalk, whik young the\ 
art, li„ht brown and spongy but when oldir become dnik brown 
an 1 Corky Ihc uj)] er surface is downy, the hymoiual layii 
exitads fir down ilic stalk when \omig it is ydlowish 

’U /ni-M nefp, tni 11 1\ 




mi ^ mui s. 


449 


but liter bccomi-s bro\Mi iml on leiiijj toncbed ikip red The 
spores ire uhite mid mhous forms of hnirs occur muoii^ the 
bisidio. \oung sporophores ippenr is little brown cushions on 
felled timber, fll«o on liMiig stems of pine ind ncconliug to 
"Mignus on ^^e) mouth pine 

The diecise generill} mikes its first 
ippeunnce in roots and lower pirts of the 
stem spreading thence into liioher parts 
Diseased wood has a charactcnstic odour of 
turpentine, it has a ruddisli brown colour 
and as destruction proceeife it graduall} 
shrinks and disintegrates till it becomes so 
soft is to be easily powdered between the 
fingers "Where brol en o\or the wood is 
often co\erod with a thin while coatin„ of 
mjcelium incrusted in resin so as to appeir 
like chalk 

The mjcelium penetrates the cell walls 
m all directions A \erj ch iractenstic 
feature of this parasite is fiirnishtd bj 
ehrinkage fissures m the thick walls of the 
tracheids of the summer wood (tig 280) 

These are numerous and run upwirdsfiom s 

» r n«de» roredbj /"o V 0 u» 

right to left extending through the whole • ® k ( . The c ii io»o 

» ” h»! been for the meet r rt 

wall to the outermost lajers Thej differ e-ctmctei tindthewoi on 

» >t of 1 {p n fw a g n I 

from the fissures in tracheids destroj ed b\ cr o “»■ 

J BBConlary wall vU I tie 

P taporariii'i in that the\ run round the C" <•> » ’"pp 

^ . y The Bplnl itructuro of the 

whole circumference of the cell instead of eecondarj w u ci see cross 

ng of the fisj res n the 

bem_ small and set verticalh abo\e each of ad on g ceiu at 

" ■' the liordered pits c n d nt 

Other bore holes d ^where 

Polyporus (Femes) pmtcola (Sw ) (US p'eLni ^tbe "fissorV* “?o 

, \o 1 B mple y (After li 11« t g ) 

America) Sporopliores thick hoof like or 
bracket shaped with a smooth dark grej upper side and a briglit 
red rounded margin The hj menial layer is smooth and jellowish 
the spore powder white In section the sporophores are white 
Tiie species is frequent on living stems of spruce pine and fir 
•.dso on birch and clierrj 

Polyporus (Femes) marginatus Fr (U S America) Sporo 
phores with red margins and otlienvise xerj like those of thu pre 
ceding species jet generillj much larger and more extended 
2f 
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The two species are held by many authors to be identical 
It occurs chiefly on stems of beech, also on oak and birch 
In regard to its parasitism nothing further is known 

Polyporus (Femes) atmosns Fr. (Trametes radiciperda 
Hartig*) (Britain and U.S America) The sporophores 'arr 
much in form, according as they occur more abo\e or more 
below ground on tree stems, or on timber in mines The 
upper surface is brown and marked in zones the margin bemg 
lighter. The section through the woody sporophore is white 
The hyinenial layer is al‘*o white. Spores o\oid and colourlc", 
germinating easily in water. In artificial cultures, Brefeld 
states- that they produce only eonidia 



I -folrpc-,,. rr nJnf^r,ta Ilartul. Stool el « 

I ny }ti,t "“rrufe which hMt«rn dt-»d fur two or threo re-ir* The irorr'f’boje 
noln70Tcrthe<Je»Jl»^*^“’ 
1 J**.* “ narrow »tnp of wocO »tai rrtaaina tna, the retnalnl*'^ I* 

eoioj dr'troj-C'l and rotten {After R. Ilarti; 1 


This ‘tpecjes «as first in\ c^tigitetl in detail by B. Harlig* 
and IS described bj him as the mo-t dangerous of all para'^it®'' 
iii^ the conifer forest It is mo^t frequent on Conifers, r-/ p"’^' 
'\Vt\ mouth pmc, spruce, sihcr fir, Douglas fir, biBam h’'- 
jumper, and Thvji\ it also occurs on \arious broad-Ieifeil tree-, 
r<i Itcech’ and In\tthoiii 


•It. Hirll?. m, 

Ill f f'vrtl h 

XI U , IS'*) 

* I rrfrl 1, Sehuntn'l] it », 
Afht tmuj 


'r»rhf>niinjtn, iT I IV. 
mi Jnjt lervu, l^sa, p, 

lirft S. I«S9 
' ‘Innltf tif «f> 


Wtrhlt)' A'rnnlA'i/<T» rt 
42S hotnn Ctntrrt Un . 



The mjcclium penotrntes Ijotli bnst nnd ruul n %cr) 

acute red rot in the uood, <o lint dcilli of the tree nttacked 
npidh follows The dnea'^c nnVes its npptanincc on plants 
of all ages nnd m forests of spnice or pine enmes gaps 
which npidl) extend m n centnfngnl direction The roots 
nnd lower parts of the stem nrc geticnllj the part® first 
attacked On the roots the parasite is casil} distingmshcd 
esen in the absence of sporopliorcs 
b} theser) delicate white m}celial 
membranes formed between the 
bark scales Destruction of the 
wood becomes first esident b\ the 
appearance of xertical dark lilac 
coloured stripes indicating the stage 
when the pareiichjma cells arc 
killed At a liter stage the woo<l 
becomes brown and shows isolated 
black spots with white margins 
(Fig 282) These last consist of 
coils of dark mycelium surrounded 
bj wood from which the mcrusting 
substance has been di<«ohcd aw a) 
leaimg onlj cellulose readily dis 
tinguished b} turning blue on 
treatment with chlor zinc iodine here too the middle lamellae 
are ultinntelj dissolied out so that the elements become isolated 
A colourless mycelium iinj also be found m tlie other parts 
of the wood both inside the elements and extending in all 
directions through the cell wall leaxing holes where it itself 
has disappeared Dissolution of the h„nif}ing substance pro 
ceeds from the cell caxitj the middle lamella remaining 
intact till the list The resin of the decayed wood pa«ses oier 
into all healthj parts and flows from the bark of diseased 
stems as a resin flux 

The most effective method for combating the ravages of 
this parasite is isolation of infected areas In one case which 
1 investigated in laden several spots m the forest formed 
very evident starting points and sporophore& were everywhere 
present at the base of stems amongst the mo«s Such spots 
should be enclosed by ditches with vertical sides and deep 
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enou'^li to cut througli all roots, care being taken to lea\e no 
(lisea'sed stems or roots outside tbe circle , after remainmg open 
for a time the ditch must be refilled with soil to pre\eDt 
development of sporophores on the evposed roots Diseased stems 
should he felled, and, along with all root-remains, burned on 
the spot, \\here theie is no risk, of forest fire, failing thi", they 
and their stumps should be deeply co\ered over uith soil, to 
prevent development of sporophores 

Tlic following species of Polypoms have been observed on 
living trees but details m regard to their parasitism and mode 
of destruction are still wanting 

P officinalis Fr On larch, chieflv in Itussia, but also lu France and 
Swit-'erl'iiid The sporopliores ar^ white irregular nia‘‘«e‘», and at one tune 
were u-ed m uiedicme The mycelium form.** bands in tbe wood Riniilar 
to thfse of /' ti'lphvrem 

P albus (Cordv), 'iccorduig to Ludn ig’ is a cau«e of a disease of Conifers, 
winch txttnds from the rwl upwards (US Anienca.) 

P spuraeus (bow ) On apple trees (Bntun and U S America.) 

P fumosus (l\rs ) On wiilow, ash, iinple, and other broad leaved trees 
(Untaiii and US Arneuca ) 

P picipes Fr On wdlow and other broad leaved trees (Ilritain and 
U S America ) 

P (Fomea) cianatnoraeus Frog On cherry liees (Britain) 

P radiatus (bow ) Omlder(l i/icitH'i), birch, Mid beech (Britiinviul 
U S Aintnc.! ) 

P (Femes) nbis (Fr ) On hHck currant and goo'>eberr) phriibs (Britain 

uid U S Aintiun ) 

P (Polystictus) birsulus Fr (Britain and US America) On li'Oig 
honibeain, aider, oah, bircli, and wrvice A vanetv, nrrt'pnMt*, 13 conimo'* 
nn<{ injurious on cherrv 

P iilmanus Fr, i-*, acconling to Cavan,* parasitic on living elm 
Pwii (Britain ami Tj S America) 

P (Fomes) nigricans On birth (Bntam ami U S Amerie-i ) 

P salicinus (IVrs ) A dangerous enemy of w illow * (Britain nn<l U ^ 
Anitnca.) 

Bd^tnip* gives Corticium comedens ns a wound parasite of and 
nhh r 

Ilartig descrilns Fistulma bepatica, tlic liver fungus, as causing a dark 
brown ifilour in oak Vii>ij<l 

Ifhrfii'h il vi'it rru Krtf/ito^nirn 
♦Cavarn, Inu' Myot , isyi 

’Turrk), Biitvi.n traiislui.n of It ll»rtii,« // AfOoifia’dAt'f'" 

♦rostnip Forirttlr Un Ihti 
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Tramctcs. 

SpoTxtjihorcs as in 7Wy/»on'<, except that tlie sulisianco 
between the pores does not djfler from that of the rest of the 
sporophore ’ 

Trametes pini (Itroi) I'r* r»ing*sca\e of Vine. This is u 
danceroub forest parasite in Nortlicm (iernmi\ , nKo in Vntam 
and US Atnenca. On the pine the spoiophores dc\elop from 
branch-scars, and assume a brachet form The fiingtis lias also 
been observed on spruce in llavarin and elsewhere, but in this 
case, the spomphores are more frcfpieiitl)* found as a coating' 
over the bark on the under side of a brunch karch, silver 
fii, and the Douglas fir (in America), liavc also been mentioned 
as hosts. 

The sporophores are brown and woikI), and continue to form 
annual hymemal rones for a number of jears, Tlic hymenial 
lajer consists of poro-tubcs linoil with basuha. between which 
thick-wnlled cystulia are formevl The sjvores arc elliptical, and 
on geriimiation penetrate into wounds oi broken bninches not 
protected by an outflow of resin The older branches of pine 
and larch have a central heart-wood from which no resin is 
secreted, and these brandies, when bioken over, ofler the neccs- 
sar} access to the germinating spoics for this reason, infection 
takes place most frequently in old plantations The mjcclium 
spreads tlirough hraiieh and stem, particular!} upwards and 
downwards in the same jear-riug In this wav longitudinal 
stripes and peripheral zones are formed in the wood, giving rise 
to the popular name “rmg-scale ’ Single h}phae bore through 
the cell-walls, and a ferment secreted b} them dissolves 
the incrusting substance, so that walls afiected show the re- 
actions for cellulose almost at once A very characteristic 
feature is the appearance of isolated white spots oi holes, indi- 
cating where the wood, aftei becoming cellulose, has been 
dissolved out entnely The middle lamellae are dissolved out 
first in attacks of this fungus, the tertiar} lamellae remaining 
longest intact (Fig 12) Tlie dark centres of m}celnim inside 

* The distinction lietv ecu the genera Polyportt-^ ami Tmmete’ is hadly defined 
A reinvestiqation of the systematic relationships of the whole group of Polv-poreae 
would in fact )>e adMsable 

*R Hartig, Zer«f.(ni7«r««A«i«Hii5ei», 1*1 T and VI , IIifAfi'/e Kraidhnttii, 
n III ; Lihrhurh <1 yjaiimt-ranlAet/'-w, 1804 (Knglisli translation by botnen itle) 
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white wood-spots, so characteristic ot Polyporus annosiis {Tram, 
radicipcrda), appear only rarely in this species. 

The destruction of spruce and fir goes on from pith to bark; 
in the pine, however, it seems to be confined to the heart-wood, 
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r»5 

'll tlininnip niul Uie prcNciition or unntsjos'snrv injuries to liMn„' 
hnnclios or stems. 

Tratnetea suavcolens (U) common on dcnd uillow is also 
reported ns jmnsitic on liMng stems. (Itritnin and I b America ) 


AGARICINEAE 

Agancus 

bpoixiphores umbrclh slmpwl and lltslij and decajin^ soon 
after di'iclnrge of tlie s|>ores I!\incniiim on the under side 
of the umhrelh and spread oxer a senes of radiating gills or 
lamellae easilj duisihle in a longitudinal direction 

The genus is dnidod into sections and snbgenera distingmsbed 
b} the colour of the sjiores, the Coinnarii are black spored 
the spores of the Pratdh are dark purple brownish purple or 
dark brown, of the ZJ-rmtiu brown jellowish brown or orange 
of the Jhjpnil odix rosj or salmon coloured of the Texteo'^pon 
white 

Agancus (Armillaria) melleus \nhP (Britain and US 
America) The honej fungus or lialhmasch Ihe sporophoros 
are present in numbers towards the clo«e of summer on tree 
stools of all 1 inds and on the biik ol dead or lixing Conifers 
also on timber and e\cn on earth The fleshx stalk is somewhat 
thiJ ened towards its base and towards the upper part bears 
the membranous yellowish annulus (Fig ^8G) Tlie cap sur 
mounting the stalk is honc) coloured or brownish with dark 
scales Die spores are white and bestrew adjacent objects with 
a mtala dust Ihe sporophores irc edible 

Die connection I etween the sporophores and the rhizomorph 
strands was proxed b) Hartig These rhizomorphs are xer) 
common and xan much in form thej occur ns round brown 
strands tuauiuj througlx the eatUx fcoxtx toot to toot of attacked 
trees inside hollow stems and in xxooden water pipes thej 
retain tlieir rounded form but under the bark of trees thej 
become dark brown llatteiied bands (hig 288) Ihej are not 
uncommon on timber in mines tliej inaj be frequentlj 
seen hanging from tlit woodwork as tangled clumps xrith 

’R Hartig Xiiehtije Kra t/ei/« Pi I an 1 II 7trMt t ier»dtin qtj 
1 1 \I l)e llarj Botn Zt t ^ 1& 9 Jlrefel 1 S htmmtlp I t Heft in 18," 
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numerous branches like the runners of -some hanging plant eg 
Aarons Bearcl satmentosa) Tlie rhizomorphs Ine as 

•saproplntes and haAe been long known to emit pbosphore'cent 
light Sporophores are developed directly on them and if one 
<50ws the spores a delicate hvphal tissue is produced ivhicli 
under suitable conditions pas'^es gradually oier into the rhizo 
morph strand Brefeld succeeded in raising rhizomorphs fiom 
spores in artificial nutnti\e luedn 



Tilt s in^cehum lonus fau shiiptil «now^ white firm 

mtinbratious expansions undti the bark of ncuh killed or slid 
hiiH;, trees Tlica an quite distinct from the much more dehcitc 
mjtdnl tvpansions of P hjion anno > nnd offtr a particuhrlv 
t iiieuis of (hstuiguisliing betueen tlit two sjKCies, \notlicr 
Jiidic itiou of .f / iricii-* IS the ^rtat outflow of rc«m from the 1 ark 
nt the base of tlit stun and fmin roots whercbi hinl clump of 
< irth art f rmtd romul tin roots Tlie j a's.i^e of the rluzomorjbs 
into the whit lutinl raiif us tiijctlium is ca«il} ob‘'Cr\ed Thi 





AG vnicis 


457 


rliizoniorplis distribute the fungus lu the oartli and otlior dcnti 
substrita, as ^\ell as Itorc into the birk of health} Coniftrs 
This parasite attacks iiol onl} t\ic indigenous Conifers (spruct, 
sil\er fir, pine, larch, and jumper)* but al«o the introduced 
forms — "Wei mouth pine, Douglas fir, /hiif's ivjula Ahir^ I'lchto 
Ptcca aarious etc It also «ccms to attack 

broad leafed trees at least as a wound pari'^ite- 

In regaKl to the interesting structure of the ihizomorphs 


and the characteri<itic mode 



of wootl ilestruction caused b\ 



«. fjcl lAUe g j 


this fungus, I give directl) the account b} Hartig in his 
‘ Lehrbuch ® ‘ llie pathological sjmptonis can onl} be ex- 

plained in the light of the peculiar organization of the mjcelial 
growth that lues in the cortical tissues The apex of the 
rliizoniorplis consists of delicate pseudoparenchjnia which 
elongating b} the division and growth of the cells produces 
delicate hypbae on the inside at a certain distance from the 

’I fount it on juniper in the pine forests near Etersualile (Autli ) 

* The mjceliuin docs not seem capable of penetrating uninjured broad leaie 1 
trees but It Hartig If or»J/ inlMrtws Zettvhitft 1894 p 42S) mentions attack 
and death of cut roots of liealthr oaks 

’R Hartig Lekrhiielt d Bavmkrattlhetlen 1889 The translation gi\en 
here is from Prof 'Somers ille* Enclish etition of Hartig a textbook p 
210 (Edit ) 
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cleared forest-liuul where the fungus sporophores are numerous 
on dead stools or roots 

Agaricus (Pholiota) adiposus Fr.* (Britain and U S 
America). Tliis is a conspicuous bright yellow or h()ne}-ycJIo" 
toadstool, with a glistening slimy cap which, as well ns tltc 
stalk, is beset nith concentric darker scales (Fig 289). Tlic 
scales and delicate annulus become indistinct or disappear oii 
old sporo])hoies or after much rain. The stalk is thick, fleshj, 
and still, and while growing so changes its direction as to keeji 
the cap alwa}s in a horizontal position The pilcns or cap, at 



lirst globose, opens out coiic-bimped or Hat with a di.uiielcr of 
alKmt 5 c.ni. Beniaiiis of the velum adhere to the margin. The 
undei-^ide of tlie cap is at lirst yellow, later Illo^l''e•g^e^ 
The Ininollae aie of three sizes, the largest e\tcnding Ironi 
margin to “stalk I'loiii the Inmcllac oii ’'0 the b.wi<h'i, with 
four '‘terigiii.vta each gixiug off a sjiigle sjtorc. The .si>ori“S 
fall at m.ituritj, and co\cr neighbouring ohject** with a brown 
dti‘<t. 'lhi*y aic oval with » lengtli of 7-10^ and a hri*'dth 
of 

The «H)orophorps spring up m]atlly in large nnmK'r> 

N. Tii>» uf, '* Fiiir t» ti(^ KntiiLlicit •! Wtnitnina- '* !'ni“-hr. / For>t h 
JS'O 


Ar\niCL'* 
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h\ing stems of «il\cr tir beech etc nml on fclkd wood* In 
the forest on newh erected piles of firLWOotl the >cllow stools 
im} frequently be found in e\en ‘‘tij,e of de\elopment ^rowing 
from the cut billets while the\ nre cspecnll} miinerous on the 
rotting useless timber left hing In cclhrs oi other moist 




chimbers the sporophotes ma) be 'ibundantl} produced till 
Christmas but out of doors August is the time of fructification 
The mycelium forms felted masses undei the bark or in cncks 
of the wood and thence the sporophores arise as little pale 
}ellow buttons which gradually unfold and become dificrentiated 
into cap anl stalk "NMiile quite young they show the darker 


• 1 rcvious to tl e puM cat oti of \ Tttbeuf » invest gat 
Ijce o1 er e»l on 1 Wecl and felled s oo«L 


tl e fnngns I ad onlj 
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cleired forest land \\here the fungus sporophores are numerous 
on dead stools or roots „ 

Agancus (Phohota) adiposns Fr^ (Birtun un 
Amerjca) This is a conspicuous bright yellow or hone) ye 
toadstool with a glistening slimj cap winch as 
stall IS beset with concentric, darl er scales (Jig - 
scales and delicate annulus become indistinct or disappear 
old sporophores or after much ram The stalk is t ic ^ 
and stiff and while growing so changes its direction as o 
the cap always m a honzontal position The pileiis or cap 



first globose opens out cone slmped or fiat with a dinnc 
about join Pcniams of the ■velum udhero to the luargm 
imdcisicle of tlic cap is at first yellow latei 
“Die lamellae are of three sizes the largest evteiidnV 
iiinrgin to stalk Piom the lamellae niisc the basaln 
four sten^tnUa each giving off a single spore 
fall nt maturity and cover neighbouring objects witli a r 
du‘<t ^hey are oval vvjth n Ien-.lh of 7 lO/i and a ^ 
of j Ilf* 

Till sporophores spring up rapidly in laigi jiiiinbcrs ‘ 

'»TiUif tiicj, oKrn.kUt I e / /• ! r J forU 

i-v* ISK) 



M vnti 


lumg .tcins nf Mlvor lir I itl. He .iml on fcllHl noO(l In 
llic forest on nc«U cnct 1 I.Us of linnowl t ie jcllon stools 
mot freinenth l.c fonn 1 tn Hers -togo nf . oselopment „rotM„g 
from the cut Itllcts ninl tliej ore esl>ccnll) numerous on tim 
rotltng useless tnnl or kfl lMn„ In oolhrs o. other .uo„t 


t on^of *? wSS? “ The de^ly e >TO^ 

crossfl ture«contAlnwh tetnyce urn ue 

rema nd r ol the wood » S*‘ t’ 
Tubeul phot ) 


F o 91 —Ag n ul nd po 1 
t on of F r wood La er 
corroded &sau ei no longer 
c I on <T Tubeiif phot ) 


chambers the bporophores maj he abundaatl) produced till 
Cl nstmas but out of doors August is the time of friictiQcation 
The mj celium forms felted masses undei the bark or in cracks 
of the ivood and thence the sporophores arise as little pale 
)ellow buttons which graduallj unfold and become differentiated 
into c.ap anl stalk ‘\\ hile quite }ouiig thej show the darker 

‘Trenous to tie puW cat on o! \ Tubenf 8 invest gat on the fungus had only 
beenol erretlonl ing l>eecl anl felled t ood. 
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cleared forest-Iimd where the fungus sporopliores are numerous 
on dead stools or loots 

Agaricus (Phohota) adiposus Tr* (Biitam ana 
America) This is n conspicuous bright yellow or honei-^e 
toadstool, with a glistening slimy cap which, ns well a*''® 
stnli., IS beset with concentric tiaiker scales {big -IS ) 
scales and delicate annulus become indistinct or disappear 
old sporophoics or after much lain The stalk is thic , ^ - 

and stiff, and while growing so changes its direction as o 
the cap alwa)s m a honzontal position The pilciis or cap, 



first globose, opens, out cone glmped or IWt with a dunw- 
about ocin I’eiimins of tho \eUim adhere to the iiiargin 
undeisulc of the cap is nt first yellow, later 
2f»e hmolho are of three sizes, the largest extending 
nmrgiii to stnIK Tiom the Iniiicllae misc the Kisuln. 
four stengjiuta each gniiig off a single spore. 
ftill .It niituntj, and co\er neighbouring objects with a 
dii-tt Thij aie oial with a length of 7»l0/^ and a 
of Ti-b/t 

'JJic sporophorcs spring up rnpuU} in large nuinh'-'r* 

"full tidit Knnikluitil Wrl*'lunir ZrtUflr f to’’'' " 

iK'iO 



AOAWtXs 


Using £tcma of «iUer tjr, beech, etc, nuJ on fell*’! Ii 

lUe forest, on ncsslj creettd piles of firewoeni, the \clVw «• r . 
mtj fixipicutlj be in c\erj *:tige of ilcsclorTneiit 

from the cut billets, while Ihcj tire csiscci-illj tiuiiicrtm^ n p- 
roiting useless timber left l}ing In celhr* or ^’hcr t 




rlianibors, the sporopliorcs nuj le alnoi, 
Chnslnias, hut oul-of doors, n (h«t = 
The mjeehum forms feited masses on ler tC 
of the mod and thence the sporephotM a.-, 
jellow huttoM sshtch endoaUfnnfoHanJlrrr 
cap and St, It H i,le „„e j„„„, , 


r 



w 
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cleared forest land where the fungus sporophorcs w 
on deid stools or loots 

Agancus (Pholiota) adiposus Fr‘ (Bnt-nn -ind 
Ainerje”!) This is *1 conspicuous bright \ellow or honervcUu^ 
tOTdstool With 1 glistening slimj cip which as well is 
stallv IS beset mth concentric darker scales (}ig -S 9 ) 
scales and dehcitc annuJiis become indistinct or disappear c 
old sporophoies or after much mn The stalk is thick fle' ^ 
and stiff and while growing so changes its direction ns to keep 
the cap aluays m a horizontal position The pilens or cap »*■ 



first r,lobose opens cut tone shaped or flat with a 
nl out c 111 J eiii iins of the \elmu idhere to the i lar^n* 
umlenide of t? e cap is at hrst jellow later mon^c 
Ihe lamellae are of three sizes the largest e\teiidni" 
iiiar;.iti to stalk Fioin the lamellae au'^e the Kiailn 
four itcn„niafa each giMiig off a snie.Ie sjorc The ‘spares 
fill nt matnnt^ and coicr neighbouring, oljicts "ith a ^ 
dll'll lliL^ ire. onl u,th a length of 7 10m 

of ( fi 


T} sj oro] boros sj ring 

’* I" '•< f r etc 
I*, to 


up taj idl) in lar^c number “ 

«• / fr / Ft>rJ X 


Kra tl e t 1 U tni 



AC irici •- 


Ii\mg «tcms of •^ihcr hr beech e*CL. tci <-c. ~ < 

the forest on newh crccltHl pile- of ?'>■»'<.' * - ’ \ i . 

m-ir frcquenllv be found m e%crt -r- ^ 

from the cut billet® while ihex are j r~ - » '* 

rotting u®ele a tnnl»er left hing In r- - 




|Iik|||„| 1,11 

f fMIllllii Ml I, 

"I ttl ( I I I « 

lllll |.|| 

' '^Ill'll lllllllll 
II" .litN, 


ohamber, tl„ aMrrpf^re, , , 

I atalt WWe,,„„e 



BASlDlOAfiCETES 

cleared fore**! ]aj«J nhere t(ic fnngtis sporopiiores nre iwmems 
on (Icitl stools or roots 

Agancus (Pholiota) adiposus (Bjit'jjn •jud 1=^ 

tn ^ ^ conspicuous bright _jelIo\\ or honeijelbw 

°° i ^ gBstening slimj cap winch as %'ell as M 
sell r ^ concentric darl er scalps (fig i89) Tti? 

es ani delicxtc 'ximulus become indistinct or disappear oi 
'tnd 'The stallv is thick fleshy 

t?i * 'vlule growing so changes its direction as to keep 

cap 1 w'lytj I ^ horizontal position The pilciis or cap at 



81'1‘peil or (lit M.tli a dnmcicr "f 
mukiMde of ^^^ '^*'*'** “dhere to the margin 

Tim hrst aellou later mouse 

to scnl^^ % largest evtciulmg kom 

four ster; won aiiso the baauha mth 

full at nntnrifj «r. ? '’‘'‘"S off a single ajore TJie sp^es 
dust }},,. t co\cr neighbouring oljicts witli a 1 ronu 

o\ ' Ufi ^ " length of 7 10 a and » bixibh 

1 fop/iorci spring up rnpidB m I'k^ n'”*ders nn 


T U / 
!*> K) 


Krrt Uct 1 W, „tii 


/ / }r / Fort 
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liNing stems of siher fir, beech etc., nnil on felled \\ofxl* In 
the forest, on ne\YU cncUd piles of firewootl the jcllovs stools 
mi) frequentl) be found m etcr\ stigc of do\elopnicnt growing 
from the cut billets while the) arc csiKciillj numtrous on the 
rotting u'^clcss timber left Ijmg In cctlirs oi other moist 



Tio 2'>0 — Ijaruu ad jxmiu Deatnie 
tiod of Hr wood Tbe dceplf-conwiied lao *^1 Aganeut aU fMii4 Dcstruc 

cross fissure* contain white mjccl um the turn of firwoud Idler stage The 

remalDder of the wood Is fellow (* cocroded fissures no lonser contai ray 

Tubeuf phot.) celium (t Tubeul phot ) 



chimbers tbe sporopbores mi) be abundaiitf) produced till 
Chnstnias but out of doors August is the lime of fructiDcition 
The m) celium forms felted masses undei the bark or m cricks 
of the wood ind thence the sporopbores arise is little pale 
) ellow buttons which griduillj unfold and become diflerentiated 
into cap and stilk While quite )ouug they show tlie darker 

' Trenons to the publication of \ Tabenf ■ inTMtigation the fiincrus 1 ad only 
been ol send on li'in^ l>eech and felled nood. ° ^ 
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{VS injmious, especinll} in nHr«enes and groves wliere the trees 
lire grown in numlber 

Ph sphaeropsoidea L et E is anotlier Amenc'in species 
which Ins become prominent on account of its laMges in 
uursetjes of Iioise chestnut Tile disease appears about the end 
of June, and bj August the foliage of attached trees is almo&t 
entirel) dead 

Ph grossulariae bvee Oa le;\\e’i o{ /hbes Grossnhna ui Ity]} and North 
Aliieiici 

Ph vulgans Dtsiu A cotumon speciea on lea% es of species of Loi ittT i 
(Britini iikI U S Auierict ) 

Ph sambuci Desui On sj>eMes of (Britiin) 

Ph cormcola (DO) On leates or spt^ie-, of Co)-jius m Amend 
Ph Iimbalis Pera On oWong white <»j)ots on leaves of low (Pritim) 
Ph tihae Svcc et Speg On of Ttha (Bpitaiii) 

Ph macuUformis Sjacc h piob-vhK n. sta^t. of Sphaoella umh/orm' 
Auoraw It IS n (hngerous pimsitt eausm^' a Inf spot on »«fet chevtiu'l 
{Ciu(<^i Cii) ami other tree« 

Ph violae Dt am somce of consnlcnble «Iannge to v lolcts in Amenes 
it also ocviirs in Eiirojt and Ciitiin 

Ph althaeina Saio |i h been it.|>ortci) as ^liii^erons to ]ioll_jhoclv in the 
I niteil States « 

Ph phaseolina Svee apjnirs ocoasioiiallv as a parasite on lertes oI 
huliiPv beans (US Aineritv) 

Ph viciae (Lib) On \ittt neptHri (rntahi) 

Ph eifsii De'iii On h asts of U.mim (Britain) 

Ph apii IIiIj 1 { ro Incts a hafs|nt oii colerv, anil has cniiSL 1 coi> 

<*i hriblc 1 -s in Ann ricsi 

Ph tabaci P» s Oemrs tu leises of tol leco in Itih 
Ph bataticola 1 II tt Afut and others hi\t* lion reiordrd «n s'vitt 
jxtito 111 w\ni rid 

Ph betae On 1 oitnH m bases of su^ar lunt and mangel 

Ph. tahifica I'nll” I’nllicnv bclievts the disease of bvct 
lont Known ,is heart rot to ht duo to this rJiyllostirta It 
prolabh a conulml form ol SphnercUn (ah, fra I'nll The s)iiil» 
toms of diHase arc wiUitrm^- of tin, outer leaves followed b) 
ih. apjioirmcc of whitish sj«3ts with withtrul tissue filial «!> 
with ni)cclMim Thcncc the disease spreads into the aovuigi*' 
pirts nml ciiKts heart lot’ of the root 

Iniifw IS of opinion tint ' heart rot is cnu«od h) 

' \ J t /nr fjrj-rr S'/n/jci J rf^rf IS*)! 

Mrill.iurt IKh nn / Jt,( ,lt la ^ ,„yfof Jrf,-n,rf Ml . IS5I 
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mt«m jmtrf/acicn'^ Fuck Thn is probibly the enuse of the 
gradual blackening of tbe Icucs, jet it docs not appear to 
lose Us ‘'aproplntic nature 

brank al«o gi\es Phomn Mae Fr as one cau«o of the heart- 
rot of the sugar beet (comp Phoma) 

It avill tluis be seen that the ci««c of tlie rotting of beet- 
root, sugar beet, and mangold is still aerj* obscure * 

Ph. g^aleopsidis ^acc. On leaxcx of Oileopim Tetnihit (BrUain) 

Ph atnplius Desm On lea\e^ of C/ enojxxlnnn nml Afriplerui Lurojve 
and Britain 

Ph. chenopodn Sacc. liaa been fouiul iiijitrious to einincli in America 
Ph podophylli (Cwrtis) In leaxes of I’odophyllum pthfiUtm in America 
Ph pnmulicola De<>m On aMtlienii*; leaae^ of I'nimtla (Britain) 

Ph. nisacola Dur et Mont OnleaxMif sjieciesof Ilutcu* (Britain) 


Depazea. 

A proaisional genus including species of which the sports 
or conidia are unknown, so that the forms included in it will 
probablj he found to be related to \anous groups Thoj lite 
m manj cases on living leaaes, causing discoloration Some 
of them are 

Depazea acetosae Op On Rumex Acetota 

D loipatientis Kirclin On Lnjxttiens Aoh tanyere 

D geicola (Fries) On <7e«>« Kr6anKm 

Phoma 

Comdia unicellular aud colourles* Pjcnidia black and em- 
bedded, but hating a distinct pore The species produce spots 
with ill defined maigms 

Phoma abietina Hartig* {Fmticoccum abictimi.m Prill et 
Delac) This parasite is a frequent cause of death to the 
siUer fir The branches become brown, jet retain their needles, 
hence when thej occur isolated amongst neighbouring green 
branches thej are at once conspicuous On close examination 
of the dead or dj ing branches areas of shrunk or con- 

* According to Karl«oti {PetroicsL ALad f Lo.ndxnrth'tl ajl 1890) and Hell 
negel (Aeitich dti Verein / Rubrn ttfltrttuluKlnt d dttUsch Petcliti, 1890) 
insects take no part iii it 

®Hartig Lthrbuch d BavmtranlkttUn El ll (English Fhtioa bj W 
Somerx ille) Mer, E , Joumai de Bolantgut 1893 
2g 
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le-\\cd tree*!, but detiih in regard to tlicir pinsitism nrc 
u anting 

Ph Hennebergii Kubii^ Brown-spot of whcat-cir'’ Tins 
produces, on tlie glumes of wlicit, brown spots witli projecting 
pjcnidia from which umccllul'ii conidn emerge The grains of 
attacked cars 8hn\el up and become spotted, while the ^aluc 
of the chair as fodder is much diminished Whole fields maj 
be attacked, showing nnrkeil discolorition, and producing but 
few healthy eai-s“ The fungus ma) also 
appear on the lea\es and produce pjciiiditi 
Ph lophiostomoides Sacc.* Lopnorc 
regirds this as a pai-asite on cereals but 
Ca\ara looks on it as saprophjtic on the 
dead plants 

Ph ampelinum De Bar> {Sphacdomn 
ampdinim De Bary) Antliraciiose of the 
Vine* The mjcelium of this lungus can 
penetrate into lea\es, green bark, or fruit 
and kills the tissues Spots nrc first pro 
duced, then enlargement ot the neighbour 
ing tissues takes place causing the spots 
to appear as if sunk m depressions, and 
reminding one of hail-wounds On leaves 
and grapes, the spots are sharply defined, 

® ‘ num urown eoooito »oow 

at first dark brown, later with grejish on ALd berrj of m . 

’ T Tube tf del) 

centres and dark-brown margins In the 
later stages the dned-up spots maj drop out of the leaves 
Antliraciiose or "birds eje rot,” constitutes one of the dreaded 
vine diseases of America and Europe, so that it has received 
much attention both as to its life-historj and remedial measures , 
as } tt howev er with but partial success Copper sulphate 
solutions seem to be fairlj successful remedies as shown from 
results of the man} expennients recorded in the Journal of 

*Kuhn Iltdmua 1877 p 121 also m Rabeohorst s /'uiijt euro;} I«o 2261 
Frank, ^eifscA fur Pfan eutmnlAeifen in ISW p 2S 
® Eriksson {MUthl dtr k Laitdb Alai Stockholm 1800) reconh a case of 
this kind hut the conidia are drawn tnocellel as in a Diplodiiia whereas 
Kuhns original drawings ha\e only onecellel conidia 
*CJ,^a^a et Eriksson, Zt\Uch f J]fian eHtrankhtdtn iii p 23. 

♦ftoethe, Miithf ub rf«ji ^h\carxi Brtnner d Itfen Leipzig 1878 Cornu 
Dtdkt dt la So( botati rf« /Van«, 1878 I’nllieux {icfeTn) 1879 Rdthaj, iJer 
Black rot 1891 ijcnbner, Peport of U S Amtr Dept of Agr\etdhirt ISSG 
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Mycology and the bulletins and reports of the American expen 
mental stations (Compare also Gtocospornini mnpdopha'jm 
(Pass) p 484) 

Ph. betae Frank ' The 3 ouuger lea% es of ell de\ elopwi 
beet-root become black, and the d^ease extends into the root 
Mycelium fills the diseased parts and penetiates into health} 
tissues Pjcnidia are developed on the diseased spots The 
fungus IS no relation of S)wxdfsm.xvvi judjr/acicns, a form to 
which a root -106 IS ascril>ed b) Frank It is however probabl) 
identical with Pnllieux’s PUyUo<ilicta Kruger found 

the disease so common that in man)* localities as many as 80 per 
cent of the plants u ere destro) ed Soraner regards the root rot 
of beet to be sometunes caused bj Pfioma, sometimes !»} 
Sporvlrsinium perhaps in some ca^e** b) both together 
Ph. sangTiinolenta Ilosir- attacks carrot plants in their 
) ear, causing gte) ish brow n depressed spots on the bulbs inlh 
out however apptaiing to be very injurious to them Mhtui 
the seedlings are planted out in spring, the uijcciniw 
extends into the stem and causes the umbel to nithet at 
flowering so tliat no seed is formed Pycnidia are devclojifid 
from <iU attacked spots and giv e otf conidia ns red tcndnl hkc 
bodies — hence tlic species-name Certain xatictics of carrot 
appear to resist attack b) this parasite better than others 
Ph solani Hals Tins causes damage to the egg-ld'^j'^ 
(iS'o^anum imlovgcna)' Young plants die ofl on the hot-bcos, 
their steins dying near the earth and shrivelling up Tiic 
pjcmdia of this Phoma appeal on the killed parts 

Ph. cydoniae Sacc has been rcjKirteil as injurious to qnmee 
trees (U S Amencs ) 

Man) species cause leaf spot diseases Some of the more 
important I'ritish and Amcncan species arc 


Pb. pmutrella Svcc. On Puwa njfce$(ru nnd otlierc (DrUtm ) 

Ph. strobi (H it I’r) On J'mua ftirohv* (Ilntiiu ) 

Ph taxi (I?prk y On yevk (Ilntiin ) 

Ph CandoUei (Ikik it Hr) On W (Bnluuuml US Aimm-v-) 
Ph sorbl (lA'iih ) On hivt-i of I'jrHs .luciyxirm (lintvin ) 

•frntik, Z’tt’fh S I'Jt/t tvulrnnlhfilfit, til , i> SO, ntil 
Xo V*. IS n Kr«,;rr, Z’tf^ch f i'jtnn l> , ISSl i> I'l’ 

anl 1 l.> HaNU I in IlaUrthi lU, .V J Ajn<^ f 

S'Mxon ISO-' 
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Ph malTaceAnitn Oh tn'illnvii and IwlhlifKk in Fiirnjic 

Ph. longissima (Pirn.) In kikcip-* of UniWUifinp aiitl ClirnojKMinctic 
111 Fiirojie and Anipncn 

Ph. errabunda IX«m In xtenis of IrrbaKVt’i (Itnt'tin ) 

Ph cucurbitaceanim (Ir) On fniits of AanoiH upecie^ of I'ltnir 
biti<'Cie m Fiirope an I Anipnci 


Dendrophoma 

l’}cnuln finiiHr to Phoma, coiudioplioijes however bearing 
several comdia citlier on branches or little processes 

Dendrophoma Marconu Ca\ attacks Hemp (CnmuiGts safiin), 
causing dark oblong spots on the green stein Ihe pjemdia 
are cnibcdded and break Ihrougli the epidermis with a round 
pore The conidiophores are branched, with swollen ends 
carr}ing little short rod like unicellular conidia In case of 
ittack, which generall} occurs towards the close of the 
vegetative period of the hemp, it is suggested to cut the 
crop somewhat preniaturelj. and therebj prevent maturing and 
spreading of the fungus 

D conralUnae Cvv protne^s dark tiongated «poti on leaves of Con 
lalluna »iq;ah« 

D valstspora Penz. is recorded bv Penzig on living leaves of Citm 
I,tinonum (liemoii) 


Sphaeronaema 

I’^cnidia embedded, membranous, and long beaked Conidia 
ovoid or oblong, unicellular and almost colourless 

Sphaeronaema fimbnatum (Ell ct Hah), (Cnatocyitis 
fimhnata Ell et Hals) Black lot or black shank of sweet 
potato' The parasite shows itself as black depressed spots on 
the lower parts of joung plants, and these maj extend over 
the whole shoot The disease is best recognized on the tubers, 
where it consists of dark, somewhat greenish spots, varying 
from J to 4 inches in diameter, and extending some distance 
into the tissue These spots when once seen cannot be mis- 
taken, as the} are sunk areas with distinct margins, like spots 
huined into the potato with a piece of metal which Ins left 
the skin uninjured Tlie m}cclium consists of thick walled 
olive-brown h}phae, which cause death and destruction to the 

atul Fairchill, Jour of Mynlogy, Vol MI , JfiDI, witli Tigurea 
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cells*of (iltacKed tissuoa llicrc arc three jnodts of spore {ro 
duction (1) brown mncio conidia inside the ti'ssiics , (i) colour 
loss micro conidii on the spots, (3) spherical pjcnuln N\ilh loiip 
iicclvS ending' in a fringed opening A sclerotml form is also 
strongly suspected liomedial nicasurcs recoinniended are de 
stiuction ol all diseased parts change of ciop on diseased lieUb 


and selection of licalth} seed and stiong sprouts 

Several othci species of tins genus arc recouled fiom ^orth 
America, but details in regard to their mode of Iifi' 
wanting 


Asteroma 

lungi forming stai hie, darkgrc}, mjcehal patches on the 
surface of plants T’jeiudia \cr) small and containing t*”} 
o\oul or short cihndrica! spores Sc\crnl species ficfincnt 
living loaves^ 

Asteroma jmpressum I uck On Tnsularjo f »» fim 
A prunellas I’urt Oit of PnmeHa tuJjan* (IJritun) 

A ulm! Klot'^cli (IJritam) and A maculare It id On Ubi\» 

A padi (DC) c'vu'^c'i a leaf fill on I rums Vmlus (Ihitun) 

A geographicum Dt%tu fonnd on tie leivc^ of spiciO'^ of 
Vrunut and Vjrm m I uio|c and Anurici 


Coimhi 


Pyrenochaeta 

I’jemdm cmeigcnt or «5essilc beset with bristles 
oblong, on branched comdtophores 

Pyrenochaeta rubi idaei Cn\ forms black spots on leius 
of Jiiihii'i Ithri/s 'llu pjciiulia are spbericd "ith a tuft c 
bristles projecting from lliiir tennnml pore 'llie conubi arc 
little o\al, and uith one or two cells tho> are piodactd from 
sli^hth bmnehed conubophores 


Vcrmiculana 

Comdm mucelluhr rarely biccllulnr general!) spindle s}iil*ed, 
the) are pro<lutid insidt p)()iidii iiiul an- Liiileddcd niiioivst 
brown H(]itnt( burs The spceits arc a fii(|ntnt cau*ii of h'l 
B|)ot but most of ihitn ha\c not ytt lictn hullicicnt!) m\L<tigibd 

„ I «« 


> f tx ! Jnt Cf nltt \h IVirj iiIUpI t Uaj*- rn«itc • 

T-rlfn f vii » jKtntvitr 
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Vermiculana trichella Fr occurs on li\iiig 1 i\c^ of n \ aiul oti cr pHtita. 
(Bnt’tiii ) 

V jpomoeamm ^cliw On sj>ecics of T/o o^n in \ncncx 

V mcrochae^ I i«c. On h\iii" leaven of Ct i'll n jajo ca in Itnh 

V circmans Ikrk Onion rot in Itritaiii nn 1 US kmcnca 

Placosphaena and Cytospora ire generi contiinnio' form-i 
parasitic on h\ing plants but of little pncticil importance 


PlIAEOSFOIlAe 

Coniothynam. 

I’j cnidn brow n or black Conidn brown unicellular spheroid 
or ONOid and borne on short conidiophores 

Comothynum (Phoma) diplodiella Sacc^ ^^hlte rot of the 
\ine Ihis disease has a wide distribution in llungan and has 
also been observel m 1 ranee Ital) and Amenta It has caused 
considerable damage especial!) m ^vorthern Italj where it was 
for a long time reg aided as the black rot 

According to Slezej tins parasite is distinguished from 
Jjac$taclxa (black rot) in the following points — ^The p)cnidia 
and comdia are larger, the mature p}cnidia are grejish or 
Uoht brown (ncaer black) the mature conidia are brownish 
The disease attacks the fruit onlj causing it to fall off I dthaj , 
howeaer states that it aho attacks joung shoots infection taking 
place from the fruit Diseased grapes become soft rotten and 
wrinkled, the ridges arc beset with pjcnidial pustules as in 
black rot but the grapes never become brittle and hard 

\iala and I’avaz" have reccntl) succeeded in rearing perithecia 
from twigs and fruit stalks «et in sterilized moist sand Jsone 
could be found on grapes The penthecia are globular enclosed 
in a black covering several cells thick and with a large crater 
like aperture The asci and paraphyses arise onlj from the depth 
of the perithecium the latter being longer than the former and 
frequentlj branched Tlie asci are club shaped and short stalked 
and contain ei^ht spindle shaped colourless or ) ellowish asco 
spores divided b) one to three cross septa Thej gennmate and 
produce one or more germ tubes 

•Ritlaj Der VV hite Rot Dt Il« la h* ISO*'* 

Cencral lesenpt on in Ptport 9 a<w lori Agne Exptr S niton 1S90 
*\»alv an I Ravaz, Comj>t rtnd CXIX- 1891 p 443. 
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A new genus Gharrinta, belonging to the Sphaeriaceae of the 
Ascom^cetes, lias been formed to receive this species 

Sphaeropsis 

r^cnidia black and spherical, with an aperture Conidia oioid 
or oblong, unicellular, dark-coloured, and on stalk like conidio 
phores 

Sph malorum Peek The cause of a di'^ease in Araeiica 
knoun as tlie black-rot of apple and quince The roicehum 
permeates and destroys the skin of tlie fruit which, m con 
sequence, becomes dried up and mummified It also occurs m 
Britain 

Other species attack plants of \anous Ilosaceae 


Pjr\EODlDTMAE 

Biplodia 

Pycnidia, small, splicrical, and dark-coloured , tbc conidia arc 
t^\o celled wlien mature 

Diplodia gongrogena Tcmme * Temme djsco\ ered a m3 celniin 
and the p3cnidn of this DiploiUa in aspen tremvtaf) 

exhibiting h3portrophied outgrowths of wood and rmd As 3et 
It Ins not been possible to irtjficnll^ produce these in'ilfonmtions 
on the aspen, nor other somewlnt sinnhr ones which occur on 
the willow 

Other species of this genus attack man} tiecs eg holl3.hl'io, 
horse chestnut, mulberr3, and Mrious conifers 


IlrAIDDKlTMAR. 

Ascoebyta 

Conidin ovoid or oblong bicellular, and li^ahnc The pjciiidn 
have a contra! aperture, and arc embedded in discoloured portions 
of IciM s or twigs 

Tlie following species arc of practical imiwirtanct 
Ascoch3rta pisi Iib (Tlntani) Itrinsi and Cavara state that 

‘TfTiittr lAintrrih Jnhrt -A I8H7 

Tl >tia« \trhnil <1 \^nu Ifrtiatt Pror /Jmii Inihiri/ 1S74 
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tins fungus is injuiious to Piww s/i/hioji, rhnvotm wiftan^, 
Ftcin pic. It cau‘'c*s sixils on lci\cs niul \)0(l«i, followed by 

drjmg up of the fornior nml tlefornintion of the latter, llio 
pj enuUa appear as tinj jwiints on the spots, ami gi\ c out Incellular 
cylindrical conulia. 

As. Boltshauseri Sacc * 

This species \\as first observed 
in Svntzerland on bean (/Vio- 
scoliis ivljan^) Leaves of all 
ages become brown -spotted, 
and premature defoliation may 
follow The spots arc marhed 
by concentnc zones, and bear 
pycnidia The conidia are 
two- to three-colled, being 
distinguisbed in this and bj 
their larger size from the 
preceding species 

The following species fre- 
quent living leaves 

AscochTta tr«mula« Thum On 
tbe aspen 

A. metulispora, D et Br On leaves of ilie asli in Scotland 
A annoraciae Fiick On .Imomeia nt$tica»ia (Horse radish) 
(Britain ) 

A penclytneni Tlium On /j>iiic«ra Pcnclifinenwii 
A maculaos Fnck On Jfedna Ifeltx 
A. Ellisii Tlium On Vilit Labntica in America 
A. brassicae Tlilini On Jlratucn oleraeea 
A. dianthi (A S ) On Dianthm (Britain ) 

A pallor Berk On Ilubtit Idaevt (Britain ) 

A viciae Trail On r»oa septum, etc. (Britain ) 

A. malvicola Sacc. On ^Vafia si/lie*lris (Britain) 

A. S.\ec. Ow %atvc«» grwsaw (Vjt\Vrwi^ 

A scabiosae Rabh On KnatiUa areensts 
A nicotianae Pas^ On A’tcottaua Tabacetim 
A digitalis Fuck On Ihffilalu purpurea 

A fraganae Sacc ha'i been found injiinuus to tbe strawberry crop m the 
United States. 

A aspidistrae given ((7ar<f««er'» C/tromele, xmi , 1895) as a parasite on 
Aspidistra in Britain 

' Bolt8ha««er VinnsHeil, ?’tit»ehnfi f PJfanunlraiilhetlcu, i , p 13o 
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Actinonema 

P}cmtlia small and situated on a gossiitier net of mycelium 
Coindia hyaline and diMded by one or more cross septa 

Actinonema rosae Lib (Asf/roma jadiosinn Fr) This pro 
duces black radntiiig spots on roelea\es on which pycnidn 
^\lth bicellular couidia are de\eIoped A premature defoliation 
takes place, which in turn causes the upper buds to unfold in 
autumn before their time The m}Celium is distributed both 
inside the leaies and superficiallj Timely remo%al of di'ea^ed 
leaacs and defoliated shoots might be recommended as remedial 
measures 

A tihae Allesch shows itself m spotting of the leaves and 
petioles of lime, and nia^ bring about defoliation of the whole tree 

A fagicola Allesch pioduces white spots with dark inargius 
on living beech leaves, and causes gradual discoloration of the 
whole leaf According to Allescher,' this disease brings about 
premature defoliation of beech As yet it has been observed onlj 
in Upper Bavaria 

A fraxmi AJlescli On bring leases of tJie asli 

A crataegi Pera ntt-icks Jea>e3 of Pjnis Jria, P tonmncHu a«l 
Viburnum Opulus 

A podagranae Alliscb On bring ]ea\es of AegopodiuM Podu^rorti, 
siul Cl (lerophpUxm hrmtum 


Darluca 

Darluoa genistalis (Fr ) On Inin" lews of Cxjtit u tagitUths TIih 
liOMe\er, be onh a jxinsite on Urom^rfs cjUtt with which it is fn-Tieotl/ 
ob-sir^ej, just is Par fihtm occiir* on 6e\enl Creefttteae 


Uiplodina 

Similar to Diplaha, but hiving colourless coiiidia 
D castaneae I’nll ct Uelac" produces canker s^iots on the 
stems of che'itmit, and brings nbout ilcath 


PiiptojiosroBxr 

Hendersonia 

I’ytmdin formed under the host opidcnins which is later 
niptuml Coiiidm lirown, two- or more celled 
•Aih-i. |<T, Jificjit i<,gi 

rt IlfUmlx, Uvtl W myrrj tie fraiirf, ISn 
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Hendersonia folncola (I’crk) (llnnm nnd l'\tropc) llic 
bhck •’lobiihr pjcnuba arc producctl superficnll\ on lea' o'? of 
Junt]>crus commtmt'' The connlia arc lUiptical m slnpc, three- to 
jiac-cellcd, nnd nbjomted from filainciitou'^ conuliopliorcs (This 
species IS not uleutical with 7Wio?anni Junxiifn jQ jjujior Conh, 
which IS more like the nccdle-frtqiicntiny form of Gymno- 
sporangum jioiijx’nHiMJi )* 

Se\eral species ire foiiiul on Iimiijj It-xses 
H cydoniae 0 et 1- 11 on <jmnce in Anicncs 
K mall TIuini, on spiile 

H rhododendn TliUni, on tU odoiltndron hirttiUiin in Northtrn Itih ind 
Gernnnj 


Cryptostictis 

Similar to Hernia sonxa, but linaing cilnte spores 
Cr. C3rnosbati (hack) Soraucr* regards this ns parasitic 
on Jiosa caninn, and cnxisms death oC portions of the nnd 

Stagonospora, Couturea, Astcremidiuro, 'unl Camarospormm cotit.uii 
species xaid to frequent living leaves of various plants 


SCOLFCOSPORAB 

Septona 

Spores generall) multicellular nnd hj aline, produced from 
short conidiophores, contained in lens shaped embedded pjcnidia 
Septona parasitica Hartig* This disease inaj be frequentl) 
observed in jouiig plantations and seed-beds of Spruce The 
S)raptoms are verj like those following damage b} frost, brown 
needles appearing in Maj toWiards the base or middle parts of 
joung shoots, and followed bj a premature needle-cast The 
disease is most apparent on lateral shoots, which become sharply 
bent downwards, the green needles hanging liinplj till the) 
wither and fall as the whole shoot shrivels up 

The p)cmdia are little, black, and spherical the) are pro- 
duced during the summer, particularly towards the lower end 

'K V Tubeuf, ‘ Ocnerutions «recliael Ojnuiooporan^ium Arten, Ctnirafhl / 
IlalttnolojK V Para^iUnliindf, 1891 
* llandbuth d J'Jfan eiilranl/iettett li , 1876 p 3SS 

*H Hdrtig Zrtt'‘Ck / Portt « Jar/tt trtun, ISOO, and for/llieh vaiuran^ 
Zttitehnjl, IbOa 
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irc 

of the ffliools, niul eithci luptiirc llie epuknni^ oi ^'row out from 
the Icof ficnr ciishioiiH (Ij^ 297) 'ihc couuha are abjointtil 
iroin JilfUiicntoiiH com«Uoj>liorcs nifiidr the jijycnnlm, nsul emerge 
nfi toiulnl like fitriictiucs 'iJit) ni<* two cc-llcd, smtill, c^limhicd 
ntid jwintcd at hotli ends 
(Itrimintiou takes pi >ce 
casd) in water, anil tlie 
(h‘!ciso sprnda rapidl) n\cr 
the } oun" dc\ eloping shoots 
duiitigjArn) 'Ilicmjcdiiini 
pcrmi lies the twi^^ Inin/ 
both insult the tells and 
hotWKii tlicni 

Ihc ihscasL has bun 
obser\od on Picca r?r 
and r }[rnti('nt, not oid) 
in muscrics niul on \onn,' 
titts, hilt also jn |»il^ 
forest, ulitn* it frcQiuid^ 
tlu upptr tioun and cniists 
(hath At the hogininiV 
of an attack the pruning 
of disiastd twigs in )oiiiig 
pinntntioiis should hi at 
(ended to 

Septona rubi (WistuHl)* lUackherr} Itafppot Jhisisa 
puasiteof sonic etononne ini|H»itniK« in the Umlul 'stale'* when 
It intcrfiiis Mitli the hhitklxri) ( nltiirc It aNo occurs in J iiroi*t« 
and Hninin 

S rlhis Dtsiii produces n noniewlnt siinilar di^i ise on K"i-s 
of oiirrant and jjo.is, hnr} * (ItiKniii and US Aimritn) 

S piricoU P «m ncttirx liimiii^Kuut «U luri|«, rnusiiif. 

►■jH t-i, II 1 , r p nr ti««n It in inil-ililn mi irnubil f nil if credit 

S CfAtaej^i Kill At iiiiii n i(|i, ticn < n |< n% > ii i f O* tf’i >* iu I no )" 

S ccrajina I. k On 1. ««n .f yVw«M» n« r m (la UinOsl '•ni* " 
Mali) forms of ,Sy/ rit nifist ruUnatni Mgitahlis 
S pctfoncllnl P xin in tla cnn« if iln up* f» nj jw siinjr on l<s%c* 'f 

’H-. ilj It ti I I 7l illfii,, K, r Ohto Ij r JLr/--r S/nf ii IMl 
Ml.-. ri,tr niiillillrOn No. t1 / ni tjni- } ijwr W. « 
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cultn'iteil jvir^leN in Europe in<l I»ritiin A'lneti Br ctCiv)!?-!!! 
eiienn of cilerv m the United Stites 


S armoraciae Sicc On 


lior«e ndi-^li in America. 

S consimtlis Ell et Mart 
frequents lettuce m Ainenc.a 
S lycopcrsici Speg nna 
parasite, originally obsened m 
America lias receiith been tie 
scnbedbi Briosi and Caiara on 
tomatoes in Itah It causes 
spots on leaves stems, and 
fruits, inflicting tlierebi ton 
SI lerable loss on cultn'ators. 

The loUotting aie im 
poriint forms on other 

S graminum Desm 
Miises light spots on lea\e3 
of ^^heat oats and gnsses 
It Ins been observed to 
injure the cereil crop in 
Italj ^ It IS recorded for 
Britain and U S America 
S cannabis (Lasch ) 
This on leaves of hemp pro 
duces spots which are at 
first wlntish tlien yellowish 
with dark margins The 
pycmdia are embedded m 
the upper side of the leaf 
The following species 
have caused injury to 
garden plants 

S dianthi Desm Car 
nation spot " The disease 
appears on the leaves and 
stems as rounded spots of 



•Cwara (ZeifscA / PJianzenlraulkeiteH m p 23) regards this and S tntici 
with Its varieties as fonns of a single species also Eriksson {Oni Xanra 
i^uldoj lar a od}a It I axta , 1S90) 

'Atkinson Caniation diseases at American Carnation Society 1893 
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dirty white or brownish colour witli i darker margin The 
pjcnuln appear as black points on the spots and rupture the 
epidermis before guing off their septate spore 
S anemones Desm On Anemone (Britain) 

S lychmdjs Desm On Lycinta diurna (BntaiiL) 

S epilobu We>t On Eptlohutm (Britain) 

S stachydis D et E On Stachyt (Britain.) 

S urticae D et E On VrUca dwiea (Britain ) 

S cyclammis Dur et Mont Tins produces nnindisb spots witb 
concentric markings on the leaaes of C^claiien wbicli then gnduillv 
wither 

S chrysaathemi Caa causes a leaf ^pot on Jinny i/wjnn/m and 

C inrfjcujn. 

S exotica Speg attacks cnltivated i\ew Zealand species of rirroniffl 
S hydrangeae Bizi causes injure to cultii ated Iljdrangea 
S scdi ^^eat injures Sedum under cultivation m the Lnited States 
and Britain 

Other Species on mam other herbs in Britain and Aiueriev 

Mail) species of Stjdorta ha\e been recorded on trees tnd 
shrubs eg 

S fosae Desm On roses. (Britain.) 

S hederae West On ir% (Britain) 

S fraxioi De m On the a«h (Bntam) 

S nigro maculans Thum On green ovalmits, stunting their growth 
S castaneaeLci On the sneet chestnut 
S aesculi (I ih ). On the hor^e chestnut (Britain) 

S pseudoplataoi Bob Desm On leaves of svcatuota. 

S popuU 1) am On leaves of [wplar 
S dtdymaluck On<Si?ji and alba 

S conucola Desm On leaces of Cor/iKs (oien 


Phleospora 

Inio p^ciudia nre not fomietl but the conulia are nhjomtcd 
from cavities m tlie stroma, thoj arc b} aline, rod or spindk 
«hai>cil and consist of two or more cells 

Phleospora acens (Lib) On Iivim, leaves of leer I i i fatanv 
(Ilntam.) 

Phi mori (I>?v ) On living muUerrv leaves, prolvablv r«late<l to 
''} f errfliriori (Britniii) 

Phi utml (It). On Iivtig leaves of elm (I ritain an 1 An rica.) 

PhJ oxyacanthaefK el**). On living leaves of Cnitufjn Oryacartfn 
(I ntvin ) 



Dilophospora 

Dilophospora gramims Besin (Britain) This nttacks rjc 
wheat and aarioiis grasses. OWong spots are produced 

and bear the pjcmdia when these occur in the llower licads 
stunting of the gram takes place (Sec also Diloplixa p 222 ) 


2 FAM NECTROIDEAE 

The fungi of this familj me chicflj pycnulnl forms of tlie 
Asconijcetes and as such ha\e alread} been considered 

3 FAM LEPTOSTROMACEAE 

IlTALOSrOR IE. 

Leptothynnm 

Pycmdia black and discoid Spores o\ oid or spindle shaped 
unicellular and hj aline 

Leptothynum penclymem (Desm) On h\mg leaves of 
species of Lonxccra^ (Britain ) 

L alneum (L^v ) pro<.luces roundish leaf spots on species of 
Alnus (Bntain and America) 

L acennum (Kunze) causes spotting of the leaves of Acer 
campestre and A platanoulc^ (Bntain) 

Se\eral other species occur both m Europe and America 


Melasnua 

The black pycnidia occupy black extended stromata Comdia 
simple and unicellular borne on rod like conidiophores 

Melasmia berbendis Thum et Wint On liMng leaves 
of barberrj Brown spots are pioduced bearing the pjcnidia 
as black points the spots cause total or partial death of the 
leaaes frequently ending m defoliation of the shrubs 

M empetn Jlagn (Bntain) Tins species was observed bj 
■Magnus ^ causing an epidemic disease on crowberry The 
symptoms were abnormal elongation of ^oung twigs and the 
leaies remained smaller than usual The rind of the stem was 
found to be permeated bj a mycelium which produced black 
Btnchle t de tseh botan, GettU 18S6 W itl illustrations 
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(6 02 m 2G gills ^\‘^ter) Inie both produced good results in 
checking the di'^eise^ 

E. mespih (DC) ("^ee Sltffmatca m(fpiti, p 210) 


SCOLECOSPOR \F 

Brunchorstia 

Bninchorstia destruens Enkss (i? pim Allesch ) In Nor 
\\a} almost ill the plintitions of Austriin blick pine {Pinvs 
Lancio) from fi\e to tliirti jeirs old Ime become diseased and 
died out Similar raiages have also been observed in German} 
Brunchorst ascribes this to a parasitic fungus whose m}celiuin 
nia} be found in all parts of diseased twigs and needles, and 
whose p}cnidia arc formed on the killed remains The disease 
begins 111 }oung first-}ear twigs, the in}celium growing in 
the cort6\ pith, and wood The needle* are attacked m 
summer, become brown from the base upwards and the 
pycnidia make their appearance under the scaledeaves 

Brunchorst* describes tbe fungus as follows r}cnidia par- 
tially embedded in the tissues of the host-plant , the smaller 
ones being simple the larger divided b} complete or partial 
partitions The inner wall as well as the partitions of the 
p}cmdium are closely beset with straight basidia from the 
apices of which st}losporcs with two to five septa are abjointed 
Paraph} ses are never present The pentheeia are black oblong 
or rounded, slightl} grooved, and 1-2 mm in diameter, the} 
dehisce b} one or more irregular pores in the wall The 
spores are very minute (30 — 40 = 3/*) tapering, and rounded 
at each end 

Schwarz considers Bnmchorslia as a conidial form of Cenan 
ginm ahxctis ahead} described (p 251) 

It TOft} \i% Ivere meatvowed that vltjing up wf pine twiga ma} 
be due to heating b} the sun m frost} weather, or to frost 
Itself,* these are, however quite distinct from the disease just 
described 

*F<iircliill (Joumtxl of Myeotogy, \ol vn ) m\es results of treatment with 
various fungici Ics on several varieties of pear snu quince (Edit ) 

*“Ueber erne neue Krantheit d SLhvraizfuhre Bergens tluseum, 1889 
*R Ilartig “ \ ertrockiicn u Erfneren «1 Kiefemzweige, ForstUehnatunnu 
ZtiUthnJi, 1*92 and 189o 
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4 FAM EXCIPULACEAE. 

The parasitic nature of the species of this family has cot as 
. jet been iu\estigated to anj extent. 


II MELj^OONIE\E. 

True pycnidn are not formed, but the conidn are developed 
in clusters or aggregations co\ered over at first by the cpi- 
denms of the host plant, which is ultimately ruptured 


IIv^LOSPOHAE, 

Gloeosponnm. 

Conulial clusters colouile<5s or grej, ne\er black, they nip* 
ture the o^e^lyln^ epidermis and giie off unicellular connln 
one from each conidiophore 

Gloeosponnm fructigenum Berk * (Bntain and U S. Amenn) 
Apple Hot or Bipe-rot. This is a \er\ serious (h«ea«e for 
American cultu itors It not only attacks apple, but al-o the 
grape, pears, peachc^s, and esg-phnts* On the apple it appeir< 
first «is brown spots which become more conspicuous as the 
fruit enlarges The spots on first look hke decai, lut 
thej are (|uite firm and <oon bear pustule® of a white or 
pinkish colour turning to black Tlie attacked part of the apple 
has an intcn«elj bitter taste, and should be carefullj rcnioieil 
Itefore eating the fruit On grapes the funcus produces tin) 
raised pustules, which on the white \arieties are sitinlsd on 
spots with a purjde centre and a brown margin, tlie pustule® 
when mature gne off flesh coloxmd coimhx The gripc' 
gradinllj shniel up, but do not l*econic black ns in the ca'o 
of the black-rot, nor do tlie\ assume a bitter taste a® the 
apples do 

The apple bitter rot makes rapid progrc'S amongst stored 
fruit, csiKxuall) beforL jt In® licen sorted out Care shouH 
tluixforc l>e taken tint discasid apples are ixmoietl ns 
a. i-.-ible. 

Till, spnjing of trees bearing joung fruit with copjx-r tar 

“i- nth«c rtJi Joun nt t,f JiJyfxJo'iy jj. Ifl 

/ UrUnt^fth* Ttrrfvflx*, ISH p ItH 
(t mirntr m Chro trtt, Id xi\ , 
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bointe or potissium sulphide *:olutions Ins {jood efTects on the 
jield of the orclnrds In Mucjnnls under tre'itinent for black 
rot or mildeu, there i'’ little clnncc of the npe rot fuiij'us 
appearing 

It IS probable that the species kno\Mi ns Gl pliomoidcs 
Sacc. on tomato Gl jujicm/nm E et F on peppers {Caimcum 
annuum) and Gl mdangcnc F et Ilal** on the e"g plant are 
identical ivith Gl fnichgenum At least the} \er} much 
resemble each other eaen on their widel} diffeniig substrata 
and cross infections ha\e been earned out 

GL venetum Speg {Gl nrcatoi Ell et Ev ) Anthr icnose of 
raspberry and blackberr} ’ This disease appears on both canes 
and leaies On the }oung shoots it produces small reddish 
purple spots during earl} summer as the «eason adiances the 
spots run together into irregular blotches of more or less 
gre}ish colour with a dark purple margin The ripening fruit 
remains small and shri\els up Leaaes ma} also bear spots 
but they more frequeutl} remain smaller and liave an unhealth} 
look The conidia are at first eni eloped in a thin cohering 
which becomes gelatinous when wet so that the} escape The 
m}celium is believed to perennate in stems or deca}ed remains 
and so to cart} the parasite from season to reason Owing 
to the delicate nature of raspberr} foliage fungicides must be 
used with great care Dilute Bordeaux mixture is said to be 
safe and beneficial The burning of diseased canes should 
certainl} be carried out each autumn 

Gl nbis (Lib) This attacks currant bushes throughout 
Europe and America in much the same wa} as Gl teneium 
The leaves wither and fall so that the fruit crop suffers 
(Britain ) 

GL amygdalinum Brizi® This has recentl} been described 
as destructive to almond cultivation in Ital} The m}celium 
inhabits twigs and fruits and gives off tufts of comdiophores 
beanng conidia as a result wounds are produced in the 
epidermis and stunting of the host tissues takes place 

Gl Tosae Hals is described as injurious to rose culture m 
America It ma} be identical with some of the species of 
Glocosponuni alrcad} mentioned as frequenting Posaceae 

^US Amtnfa D(pt of Agrevllwrt for I8S9 contains a good accouBt 

*nrm Zextsch f Pfan etilratdJ *tltn 1S96 p 6 j 
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GI ampelophagTim (Pass)* Pilaek rot of the Mne Tiii> 
disease is \crj injunous and has a «ide distribution in Tiirope 
It IS known under minj names such as “Pock Brand 
Jauscli, |5nissone, and Ncbbia nera ' though probabl} thc^o 
names include several distinct diseases Tlie identity of tlu" 
Cttoco^ponvm is somewhat uncertain, and it inaj real!} be 
identical with Pltoma ampchmim. (p 4G7) Batha} asenbes the 
black rot to Sphacdoma {Phoma) ampdinvm, while Thimicn 
regards Glocoyioi iinn ns the cause Briosi and Caaara consuUr 
tlic two species of fungi as distinct Thurnen sa>8 that the 
patches of Oloro^pjimm arc fora considerable time disc like 
and of a light grej rose colour, those of Phoma on the other 
hind arc alwajs deprc'!‘'C{l and brown Ilatlny however de 
flcnbes tlic spots ot Phoma as at first dark brown and hur 
ashj ^'rej with a brown margin 

Tiio spots appear on green parts of tin aines during Aprd 
and Afa) Those on the kaaes frcQUcntl^ fall out, leaving 
holes On the grapes the spots arc smaller and produce a 
hrovvn coloration o\ttnding deep into the fruit The coiiidia 
are small lij aline o\al and umccHiihr, the} arii ahjointcd 
from \crj short conidiophores ariangcd in little clustcis Tlic 
conidial patches rupture the host epidermis ind tlic conidn arc 
liberated 

Tlmmcii suggests tint the sod of \jnc}nrd 3 should lo kcjt 
wdl cleaned and that the stake mode of culture he used m pro 
fcroficc to an overhead trellis, ho also icconimends the wn'hing 
of all parts of suspected aines during winter with 10 to 1 
{K’r cent frolution of sulplmle of iron This ticitincnt is «aid 
In have been \cr} lunt/icnt in 1 ecping man} vino}nrds quite 
h allh) null frer froni fun^a 

Gl nervisequium " Hus parasite occurs on «!pocies of Phtfam ♦ 
in I nrojic, oimI Aimrica Brown spots appear on the h we 
<s}K?cialU on the sems, those ns the} e\tcml cmiso stiddm 
witluring nnd fall of the leases l‘ustulcs contiuiiiiig a Ptronia 
develop on tljc sjK ts and iitiicclliihr ovoid li}fthnc conulm an 
aljointod from club *ihaj)cd cotiidiopliorc'^ 


Tl }jn , p t O' t ISS' V* 111 Im; f j t 'I / */ t"* * 

A-' JS « I irj \ iiK / r, , /'*»/■'/«' V 

I -» f f ti rtf i /unjftjnm^ III I ItliMj DrlUfll t t*''*' 

i li-junn t nf i 1 1 tnUf ! (Uhottxu I fport f r ISSS » 
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be\cnl funsiof \cr} near rclitionslnp if not nctuill} idcntiwl 
occur on Platani All ciuse consulcnblc tlisfijuntion of the 
folnqe so tint sjstennlic dt'^truction of all joung disenscd 
branches is strongh recomn cmled 

G1 Cingulatum Atks Tins is the cause of Anthracnose on 
Pn\et (/i^j nil/me) in the United States riit following 

IS Atkinson s diagnosis Aflccted areas light brown either 
oblong on one ‘side of the stem or completelj gmling it Acer 
auli 100 to 150 in diameter ruptiiniig the ej idcrmis in age 
black from the dark stroma Ijing in the base or e\t(.ndnig 
iiTtjjUlarlj up the sides freqiionll> forinin^ a p5tudop}cnidiiim 
Lisidia numerous crowded simple hjaliiie or when ser\ old 
perhaps funtlj fuliginous Spores oblong or elliptical 6traip,lit 
or little cur\ed usually pointed at the lase Irrom pustules 
on the stem tlicj measure 10 20 b> 3 " in irtificial cultures 
the) are frcqucntl) much hrger but when crowded in the media 
or when the nutnent substances are iicarl) e\hau8ied the) ma) 
be considerabl) smaller On stems of /tfftidiium xuljnre 
This IS quite distinct from Oivcoyottun Itjnstniuii Sacc 
Man) species of Glwoy o> turn frequent broalleaaed trees 
and cause more or less injun to the foliage 

G1 rhododendri Bi et Cat ittacls the leaacs of outdoor 
cultiiatel rhododendrons in autumn or indoor species in 
winter Large )ellow spots marked with concentiic zones 
are formed and bear the p)cnidm finall) the leaves dr) up 
and fall off 

G1 violae B tt Br attacks aiolets in Britain md I S 
America 

GL vanillae Cke et "Mass (Cdoioti ina//fc Alassee®) 
This causes a danj,erous disease on Vanilla i>lamfvha and other 
Orchideae in Mauritius and other jnrts of the tropics Death 
IS brought about bi tlie Gloto'^porii m {Ilixnmt) form of the 
fungus the higher reproductue organs onl) appearing when the 
le<a\es aie killed 

Other species are known but their economic importance is not 
^reat 

•\ T*n «1 Bota I 3 ISSG Lectcrc \» Pfn e <7 j de Bolnntote 

ISO--’ 

*Atkinson A Nen Anti raci o«e of t) « 1 met Cornffl Ci r -i^ne Erixr 
SqI oiL lUt I \o -10 ISO^’ 

*Massee h< e li !Uli ISS'* p ill 
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01 ampelophagum (p7ss)' rot of the \me Ths 
disease j$ lorj injurious md ha'? i wide d]‘5tnbution in Europe 
It IS 1 nown under m mj nime? such as Pock Bnml Post 
Juuscli Brussone and A^ebbn nera though probabh thr 
n-imos indude seie-il distinct diseases The identity nf thi'^ 
locaspoHum is somewhat uncertain and it niTy really be 
luenticil udh P/oma njnpc/i?iKm Cp 457) Pithay ascribes the 
black rot to Sphncffomn (Phovia) amjehnum ■l^hlle 'TbuiMH 
regards Gloco^joumi as the cause Bnosi and Caian consihr 
tlic two species of fungi as distinct Thumen sa>s that tU 
patches of OlQeo^po)ijm are fora considerable time di«c like 
and of a light grej rose colour tho^e of Pho)ui on the other 
hand are aluais depressed and brown Pathaj howe^e^ de 
scribes the slots oi j»/ ma as at hrst dark brown and lattr 
ash) grej uuh a brown margin 

The spots appear on green parts of tlie tine? clurmt; April 
and Uij Those on the leaies frcquentl) fall out leann-- 
loics On the grapes the spots are smaller and produce -i 
frown colorafcfofi emending deep into the fnnt The comdia 
ore small hjaline oval and unicellular the) arc abjoitiVed 
irom verj short conul ophores arranged in little dusters TU 
rupt ire the host epidermis and the ccmdia 'ire 


llmmen suggests tbit the soil ol vmejwda slioukl lo kept 
e c cine aoj that the stake mode of culture be used m pr^ 
terenm to in oieriieatl trellts he liao recommends the "sslm'’ 
^spocted lines dimn„ ivmter Mith 10 to !« 
L “ of sulphate of iron Tins tiestmcnt is si I 

]. benedcial m I eepmg manj MDCjards (i«de 

liealth) and free from 

in This parasite occuis on species of Ptaiai s 

esr>oci3«7 Brown spots appear on the Ici'S” 

iiiHicn i leins these as thej eitend cause sudde" 

(leidoo'o Pushiles containing a strorni 

alum, f ,1 'f ^ nmcelliihr ovoni hj aline comdia ore 

ubjointcd from c!ub shaped coniiliophoros 

} !ss7 I*s Dcmllnrf n I h'}'" ‘ 

Hr OS c Ca an r \l ^ ' >“.1^ v nla I » /« ta t ? 

0>^}nrn^ j,i FP^fay J) r niatX Pof 

kc cni aeon nt of tl ,s“ ^ PathoXo-jj Rej ort for 18SS gi « » 
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Se\cral fungi of \cr} near relationship, if not nctinlly ulentic.il, 
occur on Platanus^ All cause consulerablc disfigiination of the 
foliage, so that .a s}stcmatic destruction of .all joung diseased 
branches is strongl} recomii'cnded 

G1 cingulatum Atks* This is the cause of Anthracnose on 
rn\et (Zi^j/sfrn»i i«/< 7 fTj£*) in the United States The following 
IS Atkinson’s di.agnosis “Affected areas light brown, either 
oblong on one side of the stem or completelj gmling it Acer- 
auli 100 to 150 111 diameter, riiptiiniig the ei)iderniis, in age 
black from the dark stroma l>ing in the base or extending 
irregularl} up the sides, freqncntl} forming a psLndop}cnidinm 
Basidia numerous, crowded, simple, hyaline, or when rerj old 
perhaps faintly fuliginous Spores oblong, or elliptical, straight 
or little cur\ed, usually pointed at the b.ase From pustules 
on the stem thej measure 10-20 by 5 7 , in artificial cultures 
the} are frequently much l.irger, but when crowded in the media, 
or when the nutrient substances are nearly exhausted, the} may 
be considerabl} smaller On stems of lA^ustrinn xuhjnrc 
“This IS quite distinct from Gloco'iporiHm hgiistiinuin Sacc” 
Many species of Glocosjwt mm frequent broad leaded trees 
and cause more or less injur} to the foliage 

G1 rhododendri Br et Cav. attacks tlie leaves of outdoor 
cultn ated rhododendrons in autumn, or indoor species in 
winter Large }ellow spots marked with concentiic zones 
are formed, and bear the p}cnidia, finall} the leaves dr} up 
and fall off 

G1 violae B et Br attacks violets in Britain and U S 
America 

GL Tanillae Cke et Mass {Calotpota laniUur ila'^iee 
This causes a dangerous dise.ase on VaniUa pilanifvha and other 
Orclndeae in Mauritius and other parts of the trupics Death 
IS brought about b} the Gloeoy)oru>m (Hain^rn) form of the 
fungus, the higher reproductive organs onl} appearing when the 
leaves aie killed 

Other species are known, but their economic importance is not 
great 

Tttvel, Botan Zeitung, 188G, Leclerc «lu S.(bloii, Fence <jfu de Bot'inique, 

*Atkinson, 'A Xeu Anthracnose of the Privet, Cornell Lim igrie Lrjeer 
SlQtiOH BuUettn Xo -19, ls92 
*Massee, A«ic DulUtin, 1S92, p 111 
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Myxosponum 

Coimlu Q\oul li)nlmo nut nbjomtui from i-o(Minped basidJi 
sitimtcd in c'lMlies of tlie coiticil tissues of arboreous phiUs, 
n true pjcnidium is not fornicil and the reproductue nij-ccliuni i 
onl\ coNcred o\cr 1>^ the epuleriinl Infers of the hot 

Myxosponum devastans is said to attack ami kill 

joung tNMgb of li tula ^nwwca The conidial patches are 
deN eloped in the Idled niul and oil umcclUdar coloiirK's 
coiudii 

M carneum Lih i'. jhiinsUic on twign of IkicIj 

M JancoU Sacc et Itonm <nn‘te^ deitli of oak tw 

Tliootlui kiiO'Mi ''incite ln%t at \et ) ttii ol outdoiilt n<saproih'te 


Colletotnchum 


Conuhal patches sun'ounded b} ^otae, characters like 
Gloci jiomnn 

Colletotnchum Lmdemuthianum (Sacc ct .Alnsn)' Thi' 
dtsca«t fir<it obsericd b\ Lin<li.inuth in 1875 , has n^suiacl 
^roat iniportanco as a dista'^t, of the ku 1 uc^ bean (Phu 

both in Lurope and Vnienca 101111? pod= are mot 
frequcntl) attacked but neither stems nor lla^es aic 
T/ie pods show brown depro<««ted spots with a distinct jiianjui 
The nnicelhdar and oblon? conidm aie gntn off froni short 
coiiuliophores dc\ eloped on the spota Oermumtion takes place 
at oucc the ^erni tubt forniiiig mi ndhecion ih«c on tho lio’i 
epidermis und froiu this a li^plia penetrates into the tissxu- 
to dexelop into a brown injcchum bnnk obtained Irown 
spots, and iincchmu on aomi? beans twenti four hour« aftir 
infLctu n 

C Lagenanum (I'as ) ((7 Cu ) This parasite 

is itri nijunous to stcdlm^s of water melon (Cuatmtc atntUn'*) 
melin (C l/r/i) and the goiml (Citctnhfa lu^iiuinti) Lcaxcs 
and fruits mi) be nttackeil but it n. the cotilcdous and 510111“^ 
of the Hcdlm^ plants which most frcquentl) fall a prci Sp<’t^ 


* 1 o«trii| 
nor tie 
>>noii m» 
lK-*eni lion 
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nppeir on the Icivcs nnil «Uj>tt‘‘Sions on the stem sometnnes 
extending 'o far itund tint the whole shoot dries up The 
comdnl pilches arc icn much the suuc on the dilTtixnt hosts 
and consist of short coindiophores from 
which o\il uincelluhr hMlino com In 
are ahjointt 1 

C lycopersici Chest is the ciust tf 
1 spot disease on the fruit of toiinto in 
the United Stites 

C spinaciae 1 11 ct Hals tinscs i 
destriictue dncise on cultimted spiinch 
C malvaram iJr ct Cnsp (C althnraf 
Southw ') produces a dneise of cuUuatcd 
holljhoch It IS most injurious to the 
seedling phnts and his ciuscd great 
loss in America and Sweden Ihc fungus 
iinj attick anj orgin ind produces spots 
which enlarge so npidU tint dciih of the 
host maj remit 

0 gossypu Southw * Anlhnciiose of 
Cotton This disciee although u imj 
be found on steins ml leaxes is most 
frequent md most conspicuous on the 
fniits or bolls of the cotton plant 
The first signs are tin) depresseil spots 
of a reddish brown colour and as these 
tnUrge tliej cause bhcl ening of nei^h 
boimng tissue "NMien the spores are dex eloped the spots 
become dirtx gre) or perhaps pinkish if the spores are present 
in large numberfe iruit attacked m this waj does not mature 
well and the jield of cotton js greatl) prejudiced Atkinson 
ound the cotjledons easj to infect with the disease Tlie 
spores are oblong and tapering with a shalloxv constriction in 
t e middle thej are borne either on short colourless bisidii 
or on long olne coloured septate setae both kinds of conidio 
phore being produced in accrxuh or patches 

C adustum Ell tie cause of * leaf spot on orange in Flonih 



>Soutln orth A Kew Hollj} ock D seasc Jo nal 0/ Vi/eofoau M 18D0 

‘^utlvorth ^0 n fit c/ Vjftw/ojy m ISOO p 100 
Atkinson -l/ntrt/ia Ion Exper S of o /f lltt \o 41 ISO'* 
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Padcd Mjjofu njijKir on (lie Ixwiiiiijg ht< r brown ilotfed 

(i\(r uitli iiiimitc black pottitK, tlit roiitdial jiatcliiR* 

C nmpcHnum C'u\ caiimM Ijttk di^ fijtatx on tlie Iia\c« of mik, fie 
qiKiith III Niicb iitiinbirH tliat tlii. wliolc kaf driM up 

C kentiae Ilaln attacks palm Mcdlin?’’ f* ' 
tint tlitir ln\ts do not unfold 

C cyclameneae Hals occurs on C^daini'u 


Scoifco An iNTosiorAi' 

Cyhndrosporium 

Tlic white and sliininf,' contdnl 
cushions are oiiibcddcd in the Jiost- 
l>liims Ihe conuin arc Ijhmcntotti, 
ficcjiicntl} somewhat twisted 

Cylindrosponum Tubeufianum Alles 
chci. 'Jhis atinchs tlic Jiving green fnut 
of tlic hmbclitri), and causes the foinn* 
tion of brown spots from winch 
break out, tlie pn iinturo dropping of 
diseased hints follows hi the locaht} 
wliuc I observed tins disease, nuincious 
trees weie nttackid and most of tlic frinv 
on (.icli was bull} diseased 'ihc in}* 
cehuiii sjnc.uls through cpicirp and 
mesocarp, hut does not jicnctrnto into 
tlie eiidocirp, so that the dcvelopincat 
of iho cmbr}o is not direetl} intcrfircd 
with 'Ihe coiiidn ongiinlc in p}ciM(liaI 
cavities vvithont an} sjiecnl pendnna, 
their shn|>e is gi\en in the annexed 
diagiiosisS The pjenidinl eavities nu«e 
iindei tlie epnhriiijs v^lneli is nitcivxiiids ruptured and with the 
ee'lls iuulerl}ing it Ik conus blown and dtail 
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As }ct the disease has been ob«er\cd in quniitit}’ only in 
the neiqhbourhood of Obcramineit^u (Upper ]}a\nna) 

C, padi Karst Leaf-blight of cherry and plum Tins dis- 
ease IS most destructi\e in the imrsen', causing premature 
defoliation of jonng trees; it ma} also cause se\cre iniurj to 
fnut-bearing trees. The lea\es become spotted and perforated 
by holes caused bj the falling out of withered spots Sprajing 
vrith dilute Lordeauv mixture carlj in the season is said to 
haae good effects^ 



C filip«ndulae Tlium occur* on leaiea of Sptraca Ftlijicuduta 
C. ficinae Berk On lea%es of liauvncuhn Ficana (Britain ) 

C Tifidis E. et E, and C minus E et E On lpa\e* of Fiaxinvs iirulis 
in the United States 

C cercosporoides E «t C On Imng leaxes of tulip tree 
C saccharinum E et E On lixmg Iea\e3 of Im iacc/iorinwni in the 
Uniteil States 

Cryptospomm. 

Comdial cushions shaped like pjcnidia Conidia rod like or 
spindle-shaped 

Cryptosponum leptostromiforme Kuhn* This fungus forms 
rows of black stromata on tlie stems of lupines, m the stromita 
are formed pjcnidia-like caaities with seaeral neck like openings, 
and 111 them conidn are gi\eii off from comdiophores The 
conidia are rods with lounded ends 7 8 5/x long and about 
2 ft broid, the) emerge from the necks ot the eaiities as 
long tendril hko chains, and may be continuous!) given off 

‘Faircliild (Journal of 1/yc»fo<7y, 'll, p 249) fcnes results of rimeilial 
treatment 

*J Kuhn, />fnr/ite »/ lanthrirth Iinf , Halle, ISSO 
tischer, '*Cry/i?o«poni(»ii Ui>(o^romiforme ' llreslaii, 1S91. 
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throughout the ^^hoIe summer livelier has pro^ed experi 
incntall} that the conuln germimte easil} in water that the 
germ tubes penetrate into living lupines and produce a m}cehimi 
«hich spieads through stems and leaves to develop stromata on 
all the organs of the plant The formation of both pjcmdia anl 
conidia goes on throughout the autumn and following «!pniig on 
dead plants the fungus being capable of living as a saprophjte 
mid of hibernating The disease niaj occur with great <?eventr 
Fischer describes cases where more than the half of the plants m 
a field were attacked and died before flowering or soon after 
There is thus a loss not onh m lupine seed but also m the goot^ 
effects winch the crop has as a green manure 

Fischer gives the following measures for keeping this pest 
in cheek "NA here the fungus has obtained a footing lupm^s 
should not be planted till at least tlie wear after neat and then 
onl} as a catch crop on stubble it would be still stfer to keep 
lupines off the land till the third or fourth j'ear After lupines 
as a catch crop the} nia} safelj be sown again m spring ns n 
seed crop after the lapse of a clcir )ear "^o lupines should 
be cultivated near diseased fields Instead of ploughing m n 
catch crop of lupines directly it should be dried and used *15 
litter for cattle because the excrement has been found to kill 
the fungus the lupines after l}ing over winter in the manure 
heap could then be used as manure m spnng SimiHrl} when 
the lupines have been grown for seed they should be clo«el} 
mowed down so that little stubble is left the straw may then 
bo used for litter 

This fungus has not as jet been observed on plants other tl m 
lupines 

DlDTlIOSrORAE. 

Didymosponum 

Conicha brovm oval or spindle shaj ed bicellulnr and not 
j)roduced m chains 

Didymosponum salicinum ^ uill ^ mllemin reports this as 
verv destructive to the Osier cultivation m Romgogne 

Harsonia 

Com ha transparent two celled and not produced m chains 
The species live on leaves 
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Marsonia juglandis (Lib) produces on Ic'wes of Julians little 
grc}ish }ollo\i spots ^^lth brown margins, thereon stronnta are 
formed, which rupture the epidermis and liberate the largo sichle- 
shaped conidn (Britain ) 

M populi(Lib) On of species of /V>/)w/i/< i» Europe 'iiid Britain 
M potentillae (De'm) On ajiccies of PotfiHilla (Britain) 

M campanulae Bica. et All On C*tinpaniila latifoUa 
Tlie folloiMiig are North American spoctea 
M toxicodendri (Ell et Mirt) On Ilhiu Toricofietidron 
M quercus Ptck On Qtienu^ tliet/oha 


PllBAOMOSPOr lE. 

Coryneum 

The comdial patches are black and disc-like, and rupture the 
host-epidetmis The comdia are oblong or spindle shaped, 
jellowish, and plunseptate , the\ are abjointed from short 
conidiophorea 

Coryneum Beyennkii Oud’ This is stated bj Beyennk to 
be tho cause of a "gijm*}lu\” of cherry and allied species of 
Rosaccae It is the comdial form of Ascos^iora (see p 211') 

C camelliae Mass* occuis on living Camellia leaves at Kew 
(Britain ) 

Festalozzia 

Conidia spindle-sh iped, with two or more brown median cells 
and hjalme terminal cells the one at the free end carr}ing 
several ciliate processes 

Pestalozzia Hartigii Tub^ The external effects of this 
disease have been long known although the fungus causing it 
has onl) been recentlj detected It attacks joung plants of 
various trees and shrubs Tlie symptoms are j ellow discoloration 
of the foliage, and constnction of the stem just above the level 
of the soil, followed bj death of the whole plant At the 
constriction of the stem the nnd gniduallj dries up whereas 
neighbouring portions continue to grow m thickness till finally 
the lurk is ruptured (Fig d02) In the living part of the 

'Oudeniana, Iltdictjia, 1883 

*Cooke, Grenltea, XX , p 8, IS91 

Tul)€uf, Bettnige zvr Kennlnt*» d Bavmlmilhtiien, 18SS, and Forslltrh 
»a/unc«*i ZfiUchnjt, 189g 
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rind of young plants of spruce and silver fir, I succeeded in 
finding near the place of constriction, a delicate mycelial stroma 
enclosing some caiities (pseudopycnidia) Coiridia were formed 
inside these caiities and emerged to the exterior They belong to 
the genus Fcslalozzia, and have two brown median cells, a trans- 
parent stalk-cell to which the long stalk is attached, and a 
transparent terminal cell carrj’ing two or three transparent thread- 
like appendages (Fig 303) Germination results in the emission 
of a strong germ-tube from one of the three lower cells If at 
any time the coiudia dry up, the two clear transpatpnt cells 



Fio 304 —Ptitalo ut fyntrfd on Chamuajpant i«tii At the pHcee 
marked X cambium and nnd ha*e been hUled, eo that growth In tbicknesa no 
longer take* place the higher parts bowcTer, hate continued to thicken hut 
are gradually dying (t Tubeuf pbol ) 

collapse and the appendages easily fall off, so that on material 
of this kind the convdia are only two-celled and brown The 
mycelium after cultivation in nutntue gelatine soon produces 
conidia. 

This fungus was found by Rostrup on beech, producing much 
the same effects as just described. On this host it has been 
found very destructiie m young naturally regenerated forest, 
the loss in Bavaria and Wurterabui^ within very recent years 
having been estimated at 30 per cent It also occurs on ash. 
sycamore, and other trees 

P. funerea Desm (Britain and U.S America). The spores of 
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this fungus ^\elc found b) Boehm' on diseased cjpiess trees, and 
.lUliougli in\estigations me not jet complete, it is believed that 
this Pcstalozzia is the cause of a well-known disease on cypress 
The sjniptoms on Chamaccyjmiis Menzicsn are local constriction 
of stems and blanches, and death of portions bejoiid The rind 
and cambium of constricted places are killed, tlie bark becomes 
split, and the wood dries up P funnea is a well-known sapro 
phjte on twigs and needles of Guptes^us, Punx2'>cuis, and other 
Conifers, its occuirence as a paiasite Ins been suggested several 
times 

P gongrogena Temmc* is said to cause the canker of willow 
In diseased willows Teinme found an intercellular and an 
intracellular mjcelium with pjcindia and comdia of Pcstalozzia, 
but other pjcnicha of unknown affinity weie also present 

P insidiens 7ab On bark of Ulinus amcncana 
America ) 

P phoemcis Grev causes a disease on indoor cultivated palms 

The following arc some of the moie important forms frequenting 
living leaves 

P Guepini Desm ^ (U S Ameiica) Tlie conulia of this species 
nio found on largo spots with daik margins on living leaves of 
Camellia japonica, Magnolia, Ciltiis, P/tododendron, and other 
plants Spore patches appear on the epidermis, and give on 
comdia embedded in a mucilaginous shine The comdia have 
thiee dark median and two hyaline terminal cells, the distal one 
bearing the characteristic appendages The leaves are permeated 
with iiiyceluun and fall prematurely 

P mquinans C <.t Hark On Euculgptua in Califoiiiu 

P stictica B et C On I latanus occuientahs and Tiltn in United State^ 

P concentnea B et Br On leaaes of Craiaegjis, Pjriis, Casianea, an 
Qitenns in North America 

P su^ocata E et E , ami P discosiotdes E et E On cultivatid am 
wild ro'C Bhrub"* m America 


Pestalozzina 

Coindin siimlai to those of Pcstalozzia, but all tho cells 
hyaline 

* / J-ornl « JajhfMn, 1891, p 63 

"Tliicl 8 /«»! /inr<A Jnhrliich, 18S7,ancl Ittr il ileutieh Man Ct*, 

^ bum/ </<« iiafKr.Str 11 ,^ 0 ! xiii , 1810, Iinosi ct Cavnrn, /'"'l/ * 
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Pestalozzina Sorauenana Sice' occurs on foxtail grass 
pjatcnsis) The conidial tufts dcNclop on spots which 
appear on the gradinllj witheniig lea\es The bristle appendages 
on the terminal cell of the conidn are lateral, oiilj one being 
terminal This disease was first ohser\ed bj Weinzierl at Vienna, 



Fio 305 — S ploglMU > HaTtigimum on Attr mmptilrt The dead twi^s exhibit 
black points and lines— the pyenidia of the parasite (▼ Tubeuf phot ) 

and has not as jet been found out of that neighbourhood, it 
attacks the pure culture seed-beds onlj 


Septogloeum 

Like Gloco‘ipornm, except that it has pluncellular comdii. 
Septogloeum Hartigianum Sacc.’ Twigs of the common 
maple (Acer campestre) are subject to a disease, which exhibits 

‘^orauer, Zeit^ehnjl/ P/an enlTtinlheiien, JS94, p 213 
’’R. llartig, Forttheh nalKncus Zttlxhtt/l, 1892, p 2S9 
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itself m the (li)ingxip of ^oun^ tuigs l)cfort ihcir hmls ojen 
in spiing Uhc older bnnehes however 'tssunio tlieir norniil 
foliage ] \aimimtion of disc't'sed twigs rextals the m}cchiiiii 
of a pirasitic fungus liMiig both inside and bctXMtn the 
cells of uiul and wood Conidial patches break through 
tlio hosts cpidcrnijs about j\In} as long grc}i''h green )inc« 
lliL coiiubiv art h) aline tlircc celled and c^hiulncal with 
roiuided ends, the coiiidiophores me ‘ihoit thick rods In Mo 
and rune the spores aic capible of infucting new aal 

gtrminatt in a few hours Itiftctioii of twigs takes place la 
sumuior and tht mjcchuin spicads through the first} tar 
shoots without however giving unj t\ttnnl indication of it« 
prtsenci till tlie following ‘tjiring when the twigs dr} up 
alrtad} do tribtd 

S ulmi(li) lua} be a form of 2'’hiilhchont idan Ihe 
ill} Cl hum lives m parouch) nmtou'! celU ami causes tlic forniatioii 
of brownish }i How spots on leaves of iht dm Iho coiialn 
patches form tiuj points on the lower surfict of the haf rla' 
consist of p}cindiahkc structures without a peridnini nrisia" 
from a stroma developed nndcr the opidorims iht coimha are 
spindle shaped aiul phiritelluhr 

S mon (I < 1 ) is st uod bv l>riosi ami Cavarn to piodiicc vtllo" 
spots witli blown innr^ms on the haves of Mm >> aW r and M 
])i Ub and pioniaturo defoliation of the host then tale jlact 
iho comdiil patches develop undci the tpidtxnus and ruiturt 
It as tilt tonidioplioros oineigo tboj luve no nal pondnna 
htiut the fungus cannot lelon^ to tho group 
Sxccnrdo supfcstd The eonidu are long c}inulritd or hi' 
incutous ami pUiiici lliilni 

Amongst till mori important Xorih Amcricm species art 
S profUsum d ct 1^) On living leaves of Cir/‘ 
(unni tun 

S fraxini llnik On Inumts Onjnnti 
S npocyni iVck On cummlinuu 


III n^pitoant t iJ ^ 

Coimba iridutid mithcr in ivemdn ns m Spbntror'’ah ‘f* 
nor from a si»cnl stroma us m ■^flIanlollldeat I at fr«‘ 
(oimluilarts f,ivcn ofl from tin mvcclmm 
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The group is subdiMded into the fimilics of the Muccdincac, 
Dcinaticac, Stilhcctc, and Tuhexntlaneae^ 

I FAM MUCEDINEAE. 

1 Sect AMERO<*roitAE 
1 Subaect Vtcronemeae 

Oospora 

CoQidia, transparent or onl} shghtlj coloured, globose or 
ovoid, non septate, and produced m regular chains from simple 
short comdiophores , they thus resemble the genus Toncla in the 
Dcmaiicac 

Oospora scabies Thaxt® is said to cause the well-known 
scab or scurf on beet and potato This consists in portions of 
the surface of the suhteTraneau tubeis swelling out as rough 
brown eacrescences Other authors ascribe this disease to 
bacteria 

hlicrostroma 

Comdia unicellular traospaient, oral and shorti} stalked 

Microstroma album (Desm) Tins although common on 
living leaaes of several species of Qi>erctt’i is not a serious 
disease The conidial patches on the under side of the leaves 
are white and vet) thin (Britain ) 

M juglandis (B(5reng) freipieuts the leaves of Jvglans )egm 
and J einerca in Europe and North America 

Moniha 

Conidia ov al or spindle shaped and produced in chains from 
branched comdiophores 

Moniha fructigena Pers (Britain and U S America ) This 
IS the cause of certain widespread diseases — the brown rot of 
clierrj and plum, the peach rot and a rot on apples and pears 
It has been the subject of man} papers since Thumen first 
desenbed it in 1879® All parts of the host are attacked, and 

I This IS the arrangement followed liy Massee ‘ Bnt%sh Bungiii Flora Vol 
III , there the characters of the canons snbdnisio&s may be obtained (Edit ) 

*Thaxtcr, Conmcltcut Ayne hrptr Sation, Ptpori 1890 

*Amonpst the more important descriptions are ThUmen, Fungi Pomieola 
1879, Smith (Worth G) Cortfe»#r« Clromrfe 18 Sj p 52 Arthur Xeio iorL 
Agne Exptr Station l\ , 18S5 

2i 
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exhibit reddish or ydlow "pot*, tbeiem the niycelmci 'pn-'i 
rapidly and inve' off tnft-N of comdiophore" whicli rupture it'* 
epidenuis. The coniihophoTe& are '•ep'ite, bnncbed aui Dte 
oh chain'' of unicellular oval comdia. ^leanrvhile the affetiel 
fmit becomes rotten and gradually ^hnach up, it 
hovreaer, hantnu" on the tree throughout the avintt,r Dunn; 



next «pnnff when the fnut i" a^m inoi t, fuitlitr conidn 
gnen off. Infection t\k«.* place by wounds or taeu 
the epidermis of )oiiii» leaves and blo'-'OniN Tlic comdn h^''" 



been found to retain tbcir -xitalita for two aiau'. i 

found that twics, were aUo nlfectod bj the di«i.a«o, ''O ” 

gumma degeneration took place m the cofl ba^t and cind»«”’ 
As remethal mca«;ures, the gathering of all di«ea<eil fnut 
hanging over anntcr is "trongla recommended Tin- a^ 'n 
as other di«ea«e»l parts, should be buniiHl as soon as ^ 


‘^milh (t rwin) Jcvnttl (>f Vvec!-^ Ml . P 
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■\\a«5huig of stems \\ith i solution of iron sulphate in spring 
hefore the buds unfold is sn"gestcd also sprajing of joung 
foliage with dilute llordeau"^ mixture 

Oidium 

‘Mjcelmm epiphjtic on tiling plants Conulia unicellular 
uid barrel shaped produced in chains on erect comdiophores 
Manj Iiaie already been proitd to be coiudial forms of 
Lrj sipheae 

Oidium erysiphoides Fr frequents lisang IcaiC's of hop 
cloier cucumber etc and is probabl} the conidia of species 
of FrjsipJc on these hosts (llritain and US America) 

0 Tuckeri Pork On leaves and berries of the ime (see 
Uncinula p 17G) 

0 leucogonium Desm On loses probablj the comdial form 
of Sj hncrolhcca punaosa (see p 172) 

0 famosum Cooke On hung leaaes of apple trees 
(Britain ) 

0 chrysanthemi Tabh On leaves of cnltnatcd clirjsan 
themum (Britain ) 

0 acens Pabach On leiics of Aetr Pi,ci doplatanm It is 
probabl} the conidial stage of Uncinula feiroini? (Britain) 

0 mespiUnum Thum On leaics of medlar (Britain) 

0 destruens Peck On Amtlanchic enuadcjisw and P units 
^rrotina in America 

0 tahaci Tlnun On leaies of tobacco 

0 monihoides link probablj the comdial stage of E ysipl c 
gramnus occurs on li\ mg grasses over the whole world (see p 17o) 

'* Subsect Vicro enene 

Botrytis 

Mjcelumi oTO) Comdia more or less spherical ami pro 
diiced m aggregations on the ends of branched comdiophores 
"Mail) of the ‘species are saprophytes others are parasitic on 
plants or insects and others form sclerotia the latter haie 
ahead} been considered under Selcrotinta (see p 2G7) The 
following are known to be parasitic on plants 

Botrytis cinerea Pers This cneni} of man} plants has ahead} 
been noticed as <S(:?cro<intrt FueJeltana so also E Dot glasii Tubeuf 
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B galanthma Sacc. occurs on the bulbs of Galanilivs TiiraJw 
in Britain 

B parasitica Ga\ produces sclciotia and conidia on Tuhj^a 
Gcsnenaiia m Italy {Sclnotiiim tidipac) 

B vulgans Fr* This is a \erj common species, and includes 
se^e^al well marked \arjeties It is said to be parasitic on 
cultuated lettuce causing a "leaf-rot” 

B fasciculans Sacc is reputed to be the cause of a “fruit 
mould " on the egg plant {^lanuvi Mclongcnn) in the United 
States 

A Boirytis is figured bj Atkinson" ns frequent on diseased 
carnation plants 


OviUana 

Conidiophores simple except for tooth like projections near 
the apeN on which the comdia ate (le^ eloped Conicha un* 
cellular, colourless, sohtar), rarely in chains 

' Closelj allied to liamvlana but djstingnij>hed b) the one 
celled conidia ’ (JIasseo) 

Ovulana pulohella (Ces ) Bnosi and Ca\ara distinguish tins 
as a disease of Lohnm ttahciim in Italy TJie leases become 
black-spotted and peimeated with an Inturcollular m>ce\niw 
from which arise the erect branched, septate conidiophores fhe 
more ugorous conidial patches haxc a delicate rose colour 
0 necans Pass produces large spots on the foliage of quince 
and medlar so that the Iea\es giaduallj wither and drj »V 
Coniaia appear as a white powder on the dead remains This 
fungus IS recorded from both Italj and France 

The following are British species occurring on lea'es, se\en 
of them, however, are placed b;> Saecardo under Jiamvhii^ 
Ovalaria lychmcola (Cke) Ma«»a On Jvduit 
O seoecJOnis ("sicc ) On Sfftieno xutffani 
O lactea (De<*ni ) On species . f j tola 

O armoraciae (luck) On cultuated liorae ladisli It is rejiorte'i ns 
KoruLwInt ^lestructl^t> m the Ujjind St’tcs 

O mterstitialia (I5 et Rr) On under surface of Iciacs of j rm>ro «*, 
/omimj? spots m the ingles of the 'eiiis 

O pnmulana Tlilini On kites of J’n/»K/a 
O. cochlcariae (Ckt ) On Coe/ let,-, a oMeiriliK 

' W chmer on ccics of rtttsehrtft / 1'/ tu tulmidhttln , 

»A{l£fn»on, “Cofnnfion at Amcr Camition ‘society, 150a 
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O almcola (Cke X On 

O sceleratA (CkeX On IlanHuculHS t<Yleratiu 

0 rosea (Fuck.) prtxluces irregular lirowii spot-* on tlie leaiea of 
ranous species of willow 

O aspenfolu (Sacc.) On SymphytuM o^annlit 

0 veromcae (Fuck) On spots on leasts of lertwiiai etc 

0 lamu (Fuck ) On Jyimtttni 
O STTugae (Berk X On Syrtnya 
0 sphaeroidea Sace. causes spots on leaaes of Loin* 

0 cameola Sacc. On sjiots on leares of Senphiilan i nodo^i 
O bistortae (Fuck) On spoU on leaaes of I’olygomnn Distort t 
0 obliqna (CkeX On leaae** of /lHme.r 


2 Sect Didiuostorae. 

Didymana 

Comdia two celled, colourless, ami produced singl} at the 
extremit) of simple erect conuhophore* 

Didymana prumcola Ca\ Caxara states tint this causes 
raised roundish spots on the upper surface of leaves of plum, 
finally the leaves gradually dr^ up and fall off blender two 
celled comdtophores arc produced and give off each a two-celled 
obovoid conidium 

D Ungen Cord On living ieaaes of Itanuneuh's rtpent (Britain) 

D astragali (Ell et Hoi) Found on ievves of Attrajtlus cannden'ns 
D spissa Hark On leases of Solid tyo of^ident tin , lx tli gjiecics in 
Xorth America 


Bostnebosema 

Comdiophores erect spirallj twisted, imbnnched, and non 
septate Conuln elliptic or oblong, two celled, and hjalme 
Bostnebonema alpestre Ces On living leaves of Pohjyoninn 
tiuparnm and /’ Bistorta (Britain) 

B TnodesXviTa (Vi et B On leaver of 

alpina (Britain ) 


t iSECT pRR\GHOSroR.VE. 

Ramulana 

Comdiophores eniergnig m tufts from the stoinati, the) give 
oir a terminal conidiuni, then bend over and produce a lateral 
conidium, and so on thej branch in a sjinpodial manner, pro- 
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ducing conidm at the end of each branch Conidia septate 
o\aI or cylindrical, and light-coloured 

“ The parasitic habit, simple or sparing!} branched h}*phie, 
denticulate and bearing the septate conidia at the tips clnrac- 
terire the genus, ivhich differs from OiuIcDia only in the 
septate conidia ” (Ma«5see) 

Ramularia cinarae Sacc. is said by Pnllieu\^ to ha\e caused 
great destruction m the cultuation of artichokes The leave' 
became spotted and died, so that no flower-heads were prodncetl 
The following are British species 

Ramularia hellebon Fuck On learos of ITellth<jr\ii foitidus and 
nndi* 

R epilobu (Schn) On !ea\es of Epilobtum 

R ulmariae Cooke On leaxes of Sfiiraea Ulmana (US America.) 

R ^eranu Fuck On under surface of leaves of xnriou^ ej^ecifs ef 

Gera mum 

R. lampsanae (Desiu ) On Lamjisann and Hypochoerit 
R pruinosa Speg On Senecio j ic 0 f>ea 

R pIutagiQis E! et ifart On leaves of Plantago major (US Abi-) 
R TartabiUs Fuck On leaver of /)i^i/<i/waiMnVrtrt«eum (U S America.) 
R ^tcea Ce» On leaie» of Gleehona federaeen 
R urticae Ces Ou leaxes of specie* of Crtica (US America.) 

R pratensis Sac-c. On Jiumer ircto<a 
R. fufibasis (B. et Br) On .V^nca Gate 
Some of the more important North American species are 
Ramulana rufomaculans Peck On the buckwheat (Furiopyrun efcf^f" 
turn), it has proved a somewhat lujurious fungus 

R albomaculata Peck On leaver of Carya amencaua 
R vibumi E et E On leaxes of r«6«r«wm Lciitiyo 
R. celtidis E. et K On lexxes Celtis occidentahe 
R desmodu Cooke On leaxes of xariou* ujy^ies of Demtodin”' 

R brunnea Peck On In mg Tvsnlago /ar/ura 

R areola Atks - This causes *5pots on the folnge of cotton 
Spots ainplngenous, pale at first, becoming darker m 
irregular in *‘!iape, limited ba tlie veins of the leaf, conidn i» 
profusion giving a frosted appearance to the spot« Conidie 
jihorcs fasciculate, in small clusters di-^tributed over the 
Coiiuha oblong, usuallv abntptl} pointcxl at the ends” (Atkm'on) 

R. Goeldiana Svee is <<in\ to kill leaves and tvMg^ of 
ffrnhat in Braril 

‘"VIiLvlie.l Artichants." /fwWfriH ,/e /rt aoc my«>/<y7 de tranrt I'":-’ 
Mkin«<>n, Dolautcal Oa HU, \x , isno, p JCC 
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Pincnlaria. 

Comdn grey, pluncelluHr, somewhat poir-««haj>e(l, and pro- 
duced from the ape\ of simple erect conidiopliores 

Piriculana oryzae Br et Ca\ This species is described 
hy Bnosi and Ca\ara as causing a of nee in Nottheni 

Italy The plants become spotte<I and reddish-brown m summer, 
final!) withering The conidiophores an«e on the spots on the 
lower surface of the leaf, and bear light-grey three-celled 



conidia Diseased plants may be found bearing this fungus 
onl), frequently howeier it is in company with other fungi 

Cercosporella. 

Conidii h) aline, similar to those of C'ercos^'"!) a and produced 
from simple or branched hyaline conidiophores 

Cercosporella persica Sacc is parasitic on Imng leaies of 
peach In America it Ins been known since 1890, and receiies 
the name of “ frost) mildew ” It causes ) ellow epots on the 
lower surface of the leaf 

C pastmacae Karst occurs on Imng leaies of cultiiated 
parsnip 
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Mastigosponum 

ConuUa In'iluie and lour ccUwl, froqueuth Imvtlod 
Mastigosponum album Kies^ }>Toiiuce& oldonj» dnrk 'I'd' 
NMth hyht iinr'gms on lewc'* of hMtn’ gnvv. The conult'i 
are produced on the nni‘^iu'5 of the ’spots (tu d08) 


Fusoma 

Similar to /’ifMiinfiii, Init the uivctlunu i'* loo*o and not 
nggrouatod into ii tuft Connhi spim!le-«lni>tHl and “soptate 



Fusoma parasiticum 1 uh * is the t uiso ol » dn-^ i^o 
luu-, ]virtn.uhrl\ tliove ol ComfLr- The lir'-t sunptom<5 
•Urk pitiliLS on the st^dhn;^*, followid hi thur lollvjV'i Tluu 

'1 1Ii\rt F r* lifh > ri(Hriri<«. Fnt*rSr\lt l^l'V j». 
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after in moist uc'ither or under artificial cultnntion, a 
light-gre} nijcelmm appears beanng iiumeroiis slightl) curacd, 
tapormg, pluriseptate conulia (Fig 311) In Ihvnna and 
Baden tins parasite has caused great loss m the seed-beds of 
conifers 

F inaequale Hojer On Ining leases of Tataxaenm officinale 
Septocylindnum. 

Comdia cjlindncal, hjahne or pale coloured, with two or 
more septa, and produced m chains 

Septocylindrium aromaticom bacc occurs on living Acoins 
Calamus, killing leaves and even plants Tlie in}celuini grows 
iiitercellularl} and produces spots The conidiophorcs emerge 
111 tufts from stomata included in the spots, and give off long 
thread like plunseptate, hj aline comdia 


2 FAM DEMATtEAE 
1 Spot Auerosporab 
1 Sul/stct Ifieronemtat 

Mail) ot the genera of this subsection contain species found 
on the living leaves of plants but none of them are jet of 
economic importance 


2 S ilvtct Varronet teoe 

Honnodendron 

"Mjcelium grej , epiphytic and creeping Comdiophores erect 
branched, and septate Comdia spherical oi ovoid unicellular, 
and produced in cliaiiis 

Honnodendron border Br^ This produces a chanctensiic 
spotting of the haulms and leaves of barlej accompanied bj a 
stunting of the whole plant and poor development of the eirs 
This la not a true parasite, but when it appears in quantitj 
It has considerable effect attacking whole fields and causing 
great injurj The spots jind comdiv are found also on wild 
IFonlcum munnum on the margins of roads and fields 

•Hrulinc in 7opfa HiUroge Phyttti t Vorphol inti Or>jen i‘mfn n , 
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2. Sect I>iimoo*-i oeat. 

1 Sifhn rL 3Tiiroirn>pot 

Bicoccnm. 

Ccmidid oLlong, t-u-o-telled, and aridug from short £mip^“ 
conidiojhores. ]\lTCfclinm *:n'bcnt3cnlTr. 

Dicocctim CMarsonia) rosae (Bon-) causes hroTra ‘P'ots oa 
liMD” leri\es of roses, and a premature leaf-cast lahes place. 
Lutle mycelial stromata develop hetTreen the ejadermal ce 
aud iheir cuticle and gi\e olf two-celled h5’aline conidia. 

D •uniseptatnm li tt lir. forms darh patches on twigs o 
CIcTTiaUs TLtnJhn (llntain ) 

D lathyrinnm EIL et GalL On liring leaves of LniJivri's 
ochriiJ(vci'>> in Amenca 


CycloconSnm. 

Myulmm subcuticular Conidia one- to Ihree-cellecL 
Cycloconitua oleaginnm Ca't* "^Tien this funcus js present, 
the lea>es of the oli\e show roundish Lght-brown spot" ^ 
darh margins, then becoming dj«colonred, they roll up and drop 
otr Tlie injcclium etows m the walls of the epidermal ce 
branching dichotomously , branches of the hyphae breah ou 
through the cuticle as sac-hhe cells, which become the conidii^ 
jiliores. The conidn consi'^t of one to three cells- Kruci 
stiites that ('trca^pura clado<-]-H'Tnivht, is often present along 
this di^CM'^e of the oli%e, and may tahe some part in causing Jt 
I’eghon «t.Ues that this or an allied species occurs on le.i\e' 
of Qmrevs Uci 


2 Sub^f'rC Va<Tonemenc 

Fassalora. 

Conidn oblong or «pindle-'-ha}>eil, two-celled, and borne on 
aj>e\ of greenish plurncptaie conidiophores, arising froui an 
olne-grcen nijcehum 

Passalora bacilhgera M tt Fr occurs on hung Ici'cs o 
Altivi t/lvtiiw'^T (Britain ) 

P. microsperma Fncb This frequently co\crs the whol'^ 
louir surface of the leases of Alnm lucnnn uith little tuft* o 

* Knicli, liullitiit »oc W tint , loi-j. 
lV.>cr. t.ftrn-lft •„r tt* tnntwUt* tte rOhrrrr. MwtpcUicr, 
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bro\\u scpt'vtc conidiophore^ bearing long two celled obovate 
comdn 

Fusicladium 

M}cehuni greenish and spanngl) septate Comdiophores in 
tnfts short erect nnd bearing tcnninal conuha Conulia o\oil 
or cla\ ate and one or two celled 

The species nrt conidial fonns of Vcntnria nnd Inac alrend} 
been considered Some of the better known forms are 

Fusicladium dendriticum M nllr {Hritain nnd U S America) 
This attacks the Icaies shoots and fruits of the apple (see p il8) 



F pinnum (1 ib ) (b S America) This is a cause of 
spottnip on leaaes and fruits of the pear also of species (f 
Cmfarju'! and Ainclanrhxtr Tht conidial patches are brownisli 
in colour Peglion slates that this parasite forms sclerotu in 
the hark of twigs It is probablj a conidial form of Vexiii rue 
ehtnci n tor pjri 

F cerasi (labh) attacks the clierr\ orchards with sucii 
Mrulcnce that the crop maj be rendered fjmte un«aleille 
F enobotryae Ca\' Caaira states that this attacks the 

'Ca\ara P n la di Paiolog a 1 tale ISIK* 



V 


ftOs \v\ui iMiimu'ri 

liiuis of {!') uihitti/it) fitpuneif trtusin^ llutn lo Ikcouk 

s^vattM mul to wtdiu Tlio lijplmo lt\i* m llio millennia, 
mil) roiiii II Hiioiiiii fioiii ulitili (oiudiii <u(< ^nvdi nfT 

F tromulao I rmiK I'nuik’ tliH us tin* laii'u’ of n 

«liS{iiHi* «>r (In' unpin (Pojm/m tunmla) 'Jlio loaMS turn 

liro\Mi mul full, llm uhootH in <ons< f|Uc'ti(i‘ soon ili^ini* up 
t’onl'liu Jill* ell \(*]i)p< (I on ilio siirfmo of di ul loi'i*? uud 
niiiiiUo on li\jnj» liiwis of ns|Mii, protliicm^' » ^'i'rm*lidn' mImiI' 
ufior fonnin|» un udliosion.diM jicnotruti s into tlio of 
till* tpidoiniid tills 

r ileprfuiimi Ik d lti ih fomul «»ti htniij Iiutit of 

(Hill ilii iiH 1 1^ N \iiii lit) 

r pmpco* Itdili On Ntt*-* «f 7o »/ j /»” oHi-nOfM 

r norghl I'liKi On lixiii^ |« i\<>« «»f Sti^jhni / ilrpnai' 

1J« followoi;* ni« Aiimii tn nj i ^ 

r caryopTumu M) o On l« «\«h of Oovj pm»« 

r pffiiiuin \\ ml On I it«K «»f i »r^ow« unfri'ifixi 
r ilfstnicm l’< k On toiiv \*ntt mtn > 
r fASficulstiim t «i 1 On h i\im nn) dims of ]\ifh rfo 

Scolccotrichum 

MmiIiuiu i omdn ohlim^ oi ooil, pi-odiutd 

loinnnUs mul hitnllj on tiu t omdiophmt s 

Scolccotrichum mclophthorum (I’rill il Dil)^ 'llu^ 
diuis 11 iiulon diM isi in Iniiuo Kiunvn In tIu iiuino ‘Nmli 
U iiiiiMsis in tiu flints luid nimis iHuunm^ spolltd, tin' 
luiliK' (oiUphliU disttinn) 

Sc BTAiuinla I III 1\ (>i<iusitit gnis^is tspnjull} on tlu'nii 
l*iuiinuP iipuls It ns iilso iit|iinous on liirlii dnon^ isUl 
ni s<*ino puts of (ill liiiidl sjkjs till* di-i»sid hi'i'’ 
niirkid wufi IiiDuii or pnip)iH)i hroun spots 

Sc fruxini I'uss On Inin^' !i iiis of cir/'fo'i 

mul y O/JMv 

Olndosponum 

Mill limn j,ri till'll (onuhi Kh'ls"t or o\tiid oiu* to f"UT* 
nllid mid of \iuidili ft*rin llu ^pllJls un inostli -ipni* 
pliMts on siit)''tiutu of nil kinds 

'/ < ,/ Nf|it t f U ISs*!, J» J"!. 

* / »i / tr ttt •f'K * fcP «/ »/ / iMNiV, 1 V n 

J t «<i/ rf Vys</»;y 'll . |V 1K>. 
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Oladospormm herbarum (Pers) Tins species is found e\erj- 
where on dead plant remains, but it is also common on h\in<' 
lea^es of manj plants The first suggestion tint this form 
might occur as a parasite came from Habcrlandt^ and Frank* 
It possesses a dirt)-grej, thick, septate m}celium, which nnj 
be colourless when joung or growing inside n substratum, it 
applies itself closel} to the surface of plants and even pene- 
trates through the stomata or cell-walls into the tissues The 
conidiophores are erect, otherwise variable m form, they gi\e 
off conidia from the apev or from lateral processes The 
conidia are o\al and contain a \ariable number of cells Organs 
of plants attacked show grey spots and withered parts if the} 
are still alne 

The following are some of the papers describing Cladospornnn 
herhamm as, in certain circumstances, a parasite Prillieux and 
Delacroi-s,’ on apple-trees and raspberry -bushes , Cavara^ on 
raspberry, cycads, agave, and other plants, Sorauer,® on peas 
I^priore ® describes this fungus as the cause of a “ black ’ 
disease on ears of wheat, the results of infection were however 
somewhat variable 

Ritzema Bos reports it as producing disease and in some 
cases death, in fields of oats Kosinahl and Nobbe® found 
that seedlings of Pinvs ngida blackened and died suddenly in 
the beginning of May, apparently from the attacks of this 
fungus Janczewski' states that tins Clado’porixm is a conidial 
form of SphacreHa Tiilasnei, a new species of Ascomycete 
established by him® 

Cl elegans Penz This causes on the orange a disease or 
‘ scab’ which has been injurious both m Sonthein Europe and 
the Southern States of America® It attacks chiefly wild orange 

' Fruhhng s landtcirth Zeifnng 1878 

(Ur Pfiamen, 2nd Fdit , 1896 II , p 292 

^Dvlhtin de la eoc mytolog dt France, ml 

*Peitie niycologique, 1S91 

• Ilandbuch d Pjlan^nlrranlhetre/t, 18S6 

* Henchte d dmUch I’Olan Gesell 1892 Landtcirth Jahrhwh, 1894 

^ Extratta t/tt Bulktvi dr I Academic dec act de Cracocu’ 1892 1893, 1S94 

*Scbostakowitsch (Flora, 1895 (ergzbd.) distinguishes Cl<tdo-<poTtum from other 
genera 

•Scribner, i?u//<nn o/ T’orrry Cfnf, vui 18S6, p. 181 Underwood Journal of 
Mycolcxjy MI , p. 34 Swingle and Webber * Diseases of Citrous Fruits 
U ia A De}t of AynctJlurc BtdttUn 8 1S96 
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tree® more nrelv the ®weet onn<ie “ind lemon Tlie di (.rsC 
fir^t ippeir® is whitish or creim-colomed ®pot® on letve. vono? 
twirT' or fruit. If the ®pot® ire nnmeron® the le.t\es become 
hidlv curled or twi ted and co\ered \Mth wart like eruptions. 

Cl viticolmn Ce iv resrirdetl li. a dincerous pan®ite of the 
■vine 

CL carpophiltun Thum. Tin- specie® hi* been found pin 
®itic on plum and peich in the tnited Stites. It mvcehuui 
creeps over the surface of lei\es md fruit ciu nii: pde-ccloun-Hl 
®pots which evtend and run together ^poilmij the appeiruice 
of the fnut The di®ta.e is \et does not ipipear to Inie a len 
vide distribution nor i- it directlv M.r% mjuriou Int as 
cnckinc; of the npe fruit occurs wlien it i® present the vii i» 
opened for entrance, of frmt dc,tro\un" funsri 

Cl condylonetna l'i®s il o occur® on leave* of the phini 
It cau®es lcaf®pot and leaf curl The mature conidia In'® 
tine spines on their coat 

CL ftUvxun Cooke ( hritain and V '' \inerica ) This is the 
CAu®e of a di«ea®e of tomato It attacks leiie* and ®hoots of 
plants cultuated indoor* and soon c.au®e* tlieir death I’rillicua 
and Delacroix^ ha\e de cubed \ ®omcwhat ®imilar di en »■ 
France found from irtiticial mfiction to l>e produceil bi *0^® 
specie* of Clcidc^pont n» but whether tin® particular ®peie 
the\ did not state 

CL cncumenimm Ell it Vrtir cau'c® a di®ea'5e of cucumlKt 
Frank® de cnbes a di®ei«e which he found to be due to a 
Cladosj^rium {Cl fifniuri* n ®p) This attacked the fruit of 
both cucumbers and melons in culti^'atiou under "la®3 at Berlin 
and caused ^jrcat daniaije brown rotten deprc.®ion- appeirixl 
on the fruits and thereon the tufts of comdiophorc.. 

Cl macrocarpiuii I’reus cni'se n ®cab di®ei®e of ®}unach m 
the L mted States ( ’\ Ipxe Etjn, Station Ballchn 70 IS^O) 
Other ®pecies that ina\ be para^sitic arc 
CL pisj Cng et Mapc. On Imn« po,U of / ^ j talinni ui Bal' 

CL epiphyllura Mart On leaies of 
cU (hriUam mil US \mt*rin) 

CL juglandmuQ Lookp On Kaits of the wilnut (Gntam) 

' J! lift I (If ta fOr I lyre/ 9 U Fra cr l®ai 
’ lacicnj tion in !/■««» lyne l-rjwr SlnUon Pfpf^n I'^ai 
^Ztlehriflf Ijtu^nl-Tv Ihf ttn III l®aa. 
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CL Scnbnenanum Giv On of Del da pojitUfoha in America 

and Italj 

Cl hypophyllum luck 0» lea\es of Vlmm enmpcttnt 

CL tuberum Cooke In the tubers of Batatas ah In in Oxrolnn, L S \ 


3 Sect PiiRAQ5iosroB.aE. 

1 5 Vic\>nenicae 

Clasterosponum 

Conidn brownisli c} hndrical or spmdle shaped and consisting 
of three or four cells 

Olasterosponum amygdalearum (Pass) attacks the leaaes of 
almond peach apricot eherr} and plum An intercellular 
m}celium has been found and roundish dry spots with icddish 
margins are formed Thereon tufts of short comdiophores are 
de% eloped bearing cjlmdncal thicl walled pluTicellnlar coindia 

01 glomerulosum Sacc (Sjyondamtum glom Sacc 1878 and 
Plcospoa conglutinata Goebel 187^) GoebeP hrst described 
this species as a parasite on Jiiniperus communis A colourless 
intercellular mycelium, is present 
needles turn brown die and fall off 
prematurelj On the upper side of 
the needle the mjeehum emerges 
through the stomata and forms 
dark grej coils from which the 
gre} 01 Old pluricellular conidia are 
guen off 

Ceratophorum 

Comdia brownish spindle shaped 
or c} Imdrical three or more celled 
the upper cell with terminal 
bristles 

C setosura Kirch Dark spots occumng on the iea\es 
petioles and shoots of joung plants of Cytisus Labiunum etc 
were found to enlarge and bring about death and defoliation 
Kirchner found the leaf tissue penueated bj a colourless septate 
mjceliuin which gues ofl comdta on both sides of the leaf 
The coiudia resembled those of Pestufo—wi but their cell number 

• II «r !7 »ntirn«« Jahrtsl^e 18 9 
Zetl (hr/l f rjlat Miranlktitm ISO"’ p 


and in conseq^uonce the 
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was \anable, and the terminal cell®, although lighter than the 
median, were not quite hyaline. The terminal cell bore several 
^ery long bnstle® 

C nlmicolum E et K On lining leases of iy/wtiw 
America 


Helnunthosponum 

Conidn brown, cylindrical or spindle-shaped, and pluncelluhr 
Mycelium well-de\ eloped and brownish 

“ Distinguished from Clado^rium by the conidia being more 
than one-septate at maturity” (Mas«ee) 

Helminthosponum gramineum (Eabenh ) * This cau-es a 
disease on barley, both m Europe and the United States, as yet 
howe\er, it is not ^ery common It attacks generally the loi'ff 
Iea^es, producing long, narrow, dark-brown spots with yellow 
margins Tlie lea\es so attacked gradually ^itlicr, but do wot 

prejudice the yield of gram seriously On the spots ar® 

de^ eloped the black septate conidiopliores, each with a 
black conidium with from two to eight cross septa 

H turcicum Pass causes long spots on the ]ea\es of tnaw 
both in Italy and America Ihe spots are yellow with indistinc 
dark margins and from them arise patches of grey sept*^ ® 
conidiophores The conidia resemble those of the species 
described, so that some authorities regard the two forms as one 
Bnosi and Camara describe the mycelium as consisting ® 
branched septate liyphae the cells of ^Ahlch frequently becom® 
irregularly swollen The young Indian com leaves ore killer 
and the crop may in consequence, be seriously injured 

H teres ^acc This is a form of graminaim which 
Bnosi and Cav ira distinguish as occurring on oats Infection 
takes phee at the apex of the leaves, and the mycelium spre'iu=’ 
through the parencliyma causing elongated dry spots, so that 
the loif ultimately dries up and dies The comdiopliores are 
developed singly, not m tufts, and the conidia are smaller tlnw 
those of H fjraTinnaim Tlie conidia are greenish, tlnck-wibc^’’ 
pluncelluhr, and produced terminally 

H gracile (Wallr) causes long inarguiate spots on th® 1®'*'^^ 
of JrxH tjcnnnmra 

’triks^n Uotnn C<»i?ra/Wrt«, XSXX , 18S7 'K\tc\\nct, Fttls<hr\fl f 

Imnlhfxttu I , IS'll p 21 
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Cercospora 

Comdn elongated and slender olue green and septate AI} 
celium greenish 

Distinguished b} the \ermiform septate comdia (Alassee) 
Cercospora circumscissa Sacc* Tins is a parasite which 
occurs on cultnated almond peach and nectarine as well as 
on wild Fi units seiohna m the United States The lea\es are 
attacked while still jonng and exhibit bj rellected light a 
jellowish spot with a dark centre The conidia arise on the 
spot® as darl green clusters thereafter the diseased tissue shrinks 
becomes detached and falls out leaxing shot holes not 
unlike those produced by species of PhyUosticta Defoliation 
ma} occur in sev ere cases of ittack As a result of the 
injury to the foliage the new wood does not mature well 
and second growth may take place dunn-, the same season 
shoots of this kind will probablj dr) up during winter The 
fungus ma) also directl) kill the tissue of twigs as fir as the 
cambium The fruit is neier attaci ed directly but may be 
senousl) affected through the injur) to leaves or twigs 

In order to minimize the disease it is recommended to burn 
all fallen foliage and to turn the earth thoroughly below infected 
trees Pierce obtained a crown of ler) healthy foliage on almond 
trees treated with (1) aminoniacal solution of copper carbonate 
ind (*’) modified eau celeste 

0 persicae Sicc On lea\es of peach (US America) 

0 acenna Hartig" appears on brown spots on the cot)ledons 
)ouim leaves and stilks of )oung plants of Acer The conidia 
are gre) pluricellular and slightl) curved (Fig 314) The 
m) celium inhabits the intercellular spaces of the parts attacked 
and forms resting «clerotia in tl e tissues of dead leaves 

C viticola (Ces)* This fungus is found m Europe and the 
United States on Vstis iimfeia and V Labrisca It causes 
spots on the leaves and from these arise close columns of 
septate conidiophores which g,ive off thick pluricellular conidia 
0 beticola Sacc* inflicts considerable injur) on cultnated 


•Perce Jo nato/Vyofoyy \ii p W and p 23’’ 

*R Hart g Uni rswl (fad Jbrtbotan In t I i 
’Deserpton ant treatn «nt ii Xee Jort Agn Exptr 
ISOO p J 4 

♦Thxlmen De Pel n/ fu g f Pltra Ih m 


Man ch 

S at 0 Report for 


trrwerer KtJtvrg n Ise 18S6 
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was variable, and tlie terminal cell« although lighter than the 
median, wore not quite hjalme The ternnnal cell bote geieral 
very long bristles 

0 ulmicolum E ct K On Inm" Iea\es of Uhniis fihaw-^ 
Ainerica 

Helminthosponum 

Comdia brown cjlindncal or spindle shaped, and pluncelluhr 
Mjceliuni well de^ eloped and brownish 

l)istinguished from Claflosj^oriutn by the conidia being moift 
than one septate at matuntj " (Massee) 

Helminthosponum gramineum (Eabenh ) ^ This causes a 
disease on barley, both in Europe and the United States, as 

howeier it is not aery common It attacks generally the 

leaves producing long narrow, dark -brown spots with 
margins The leaves so attacked gradually wither, but do no^ 

prejudice the yield of gram sertouslv On the spots si® 

developed the black septate conidiophore'?, each with ft ^''•^6® 
black conidmm with from two to eight cross septa 
H turcicum Pass causes long spots on the leaves of 
both in Italy and America The <pots are yellow with 
dark margins ind from them arise patches of gi^y 

conidiophores The comdia resemble those of the species Iss« 

described so that some authorities regard the two forms 
liriosi and Cavan desenbe the niycehum as consisting ft 
bmuched septate hyphae the cells of which frequently beemn^ 
irregularlj swollen The young Indian com leaves are bUw 
and the crop may m Consequence be seriously injured 

H teres This is a form of j? yrci/nun m which 

Enosi and Cav ira distinguish as occurring on oats InfecUftn 
takes place at the ape\ of the leaves and the my cehmn sprea > 
through tlic parenchjma causing elongated diy spots so that 
tlic leaf ultimately dries up and dies The conidiophores ate 
developed singly not in tufts and the comdia are smaller tbau 
Chose of JT gramxnnm The comdia are greenish thick uab'-t‘ 
plunctlhilar and produced tcrniinallv 

H gracile OVallr ) causes long imrgiinte spots on the kavft?’ 
of IiiH gavKunca 

" P°',' 'x** 18 S 7 Mrchner, Zeitsehrtjl/ 
trann-tf'i t HjJ] j> 
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Cercospora 

Conidia elongated and slender, oli\ e green, and septate - 
celium greenish 

“Distinguished bj the \ennifonn septate conidia” (Jlassee) 
Cercospora circumscissa Sacc' Tins is a parasite winch 
occurs on cultnated almond, peach, and nectarine, as well as 
on wild Prinuis saotina in the United States The leaves are 
attacked while still jonng, and exhibit b) reflected light a 
yellowish spot with a dark centre The conidii arise on the 
spots as dark green clusters, thereafter the diseased tissue shrinks, 
becomes detached, and falls out, leaiing ‘ shot holes ” not 
unlike those produced bj species of Phyllosticta Defoliation 
may occur in severe cases of attack As a result of the 
injurj to the foliage, the new wood does not mature well, 
and second growth may take place during the same season, 
shoots of this kind will probably di) up during winter The 
fungus maj also directlj kill the tissue of twigs as far as the 
cambium The fruit is never attacked directly, but may be 
senoiislj affected through the mjur) to leaves or twigs 

In order to minimize the disease, it is recommended to bum 
all fallen foliage, and to turn the earth thoroughly below infected 
trees Pierce obtained a crown of v eiy health j foliage on almond 
trees treated with (1) ammonncal solution of copper carbonate, 
and (2) modified eau celeste 

C persicae Sacc On leaves of peach (US America) 

C acenna Hnrtig® appears on brown spots on the cotjledons, 
jouiig leaves and stilks of joung plants of Acer The conidia 
are grey, pluricellular, and slightlj curved (Fig 314) The 
injcelmm inhabits the intercellular spaces of the parts attacked, 
and forms resting «clerotia in the tissues of dead leaves 

0 vnticola (Ces)^ This fungus is found in Europe and the 
United States on Vitis tini/era and V Lahrusen It causes 
spots on the leaves, and from these arise close columns of 
septite conidiophores which give off thick pluncellular conidia 
C beticola Sacc* infiicts considerable iniurj on cultivated 

‘Tierce Jo«n)td of Mycoloyy vii , p bG anil p. 232 
*11. Ilartig Unitrsud ung'n auf d fonthotan IndxM t, Munich 
*l>escription nn 1 treatment in Aew YorL Agrte Exper Station Peport for 
1S9(\ p 321 

• Thilmen, Dtt lithtm} fung d PdJtranlhtiten vnttrtr Eullurgetmrli^, 18SC 
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sucifti beet ind btct iTKit It cosily recognized dit 
iiiniicroiis '!lnrpl\ defined «fpots protlnccd on the lea\eN The 
conichi nre ^e^^ Ion" uid plun«eptdc In the I nifed Mite 
tins one of the iiio t «eno«s of btct di 61*51- s.* As prtienti\e 
treitnient greit can, *5lionld be taken to dc'^troi all iiikctcd 
nnterni V Ion" rotation «hoiild al o prove a good renudr 



0 apu Ire Ccinnnon on celirv (, qi-arfolm^) and p'r 

cnip'stPr tninci v fn-a) throiigfiont nil 1 uropc and >\OUli Awcncv 
It c.ni'Je*? lcvf«;jots nt tir^t }c11ovm h then cnhrgunr and tnm 
in" Irown Tin jnjcclnmi grows m the inicrcelluhr ''pei ^ 
the leaf and ^ivts off Infts of comdiophort-' throw-h tit 
nomalo. Tl)o <*onidia an. lon^, tapering obcli'nte "'to 

an attnchfiKiit <5car nt their larger einJ'* 

C asparagi occurs on asjvtM^ua in Iialv , 0 catilico a 
A\mt fnqncms the same hon in Ainema 

C Bloxatni It ct Itr On I*ra^ loi in I ritain 
0 annoraciae Sicc On horai rmb'Nii 

‘tnmmcl lom ijnr Fri^r at on li U t n I* I'-H 
*I>c«CMito 1 0 Jtr»fv ^yrte I VMf en t Utn * I'*'" 
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0 resedae Fuck ^ This fungus i** the cause of a garden 
mignonette disease \en common m America and Europe. It 
cau«!es little depressed spots with brownish or yellowish liorders, 
which begin as reddish discolorations of the leaf The leaves 
graduall} wither and dry up, so that the flowers suffer. Tlie 
m}cehuni grows inside the leaves, and gives off tufts of comdio- 
phores tlirough the stomata The conulia .are elongated, septate, 
and spindle-like or club-shaped Sprajmg with Bordeaux 
mixture was found to give good results 

C cheiranthi Saco produces roundish leaf-spots on wall- 
flower, and, if severe, causes death of the leaves and premature 
defoliation of the plants 

0 rosaecola Pass Tins causes leaf-spot on cultivated and 
wild roses in the United States The first indication of disease 
IS the appearance of black spots with reddisli margins The 
conidiophores emerge from the stomata m tufts, and carrj long 
obclavate conidia 

C angnlata Wint is one of the causes of leaf spot on 
currant, and occurs often m company with SqHoria rihit (US 
America ) 

C riolae Sacc. occurs on leaves of \%ola odorata 

C rnalvarum S icc. On species of i/afta 

C althaeina Sicc On Iiollvliock id the United States 

C nenella Sacc causes leaf spot on .Vmifra Oltunder 

C Bolleaaa (Timm) producer olne brown spots on leaves and fruits 
of the Fig, injuring the crop 

C cappandis Sacc. On Cappom rptnt>$n in Italj 

C gossypma Cooke is given bv Atkinson as a fungus frequently present 
on disevvwl plants of cotton * 

Sicuirdo reconls over 230 species of Cercospora, most of which cause 
spotting of living or fading leaves of many plants, eg Phaseolus, Lupimis, 
Trifoluttr', 1 icifl, GltfliUchta, Solanum nigrvm, Diitura, Umnm, impflopn*, 
L\rio>lendron, Tdin, /.om, Votentilla, Rtibia, Cpdoma, Ptdea, Rhamnus, 
Euonymvi, Atlanthns, Rhttt, Sambucut, riiarnwm, Otea, Si/rtnffa, Mom, 
Fraxtinu, Coffta, Liguttrvm, J/ercwnofis, etc 

Heterosponnm 

Conidiophores simple or branched Conidii olive, oblong, 
plunsoptate, and with a spiny or warty outer coat 

' Fairchil I m Pej-orl of SteCton of VtgttaUt Pathoiogy for 1S*50, U S Dept 
of Agriculiure 

Gn fUt, l<?9l, p. 61 
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“Eesembling ffelminUiosxtorivm in general habit and structure 
in fict only distinguished bj the minutel} waited coni i 

(Jlas«ee) ^ vq 

Heterosponmn echinulatura (Berk ) * (Britain and 
America) The ‘ fairj ring spot” of Carnations This b a 
serious enemy of cultnated carnations, and causes great damafre 
It was first de'cnbed by Berkelei m 1870 as a carnation 
The symptoms are light-coloured spots on which are conc^ nc 
rings of dark coloured comdiophores. These an^e from 
coloured portions of the mycelium inside the leaf and ^ 
conidia with three or more cells The comdia ^ ^ 

terminal, but after one has been formed the com ^ 
branches lateraUj and produces another comdium, repeating i 
process for i considerable time The spots are produce o 
leaics leafstalks, and sepals causing them to wither 
consequence the flowers do not unfold and the plants a 
rendered unsightly ^ 

Cultiintion of the carnation in drj airy conditions is 
to keep this di«ea<e in check . 

The following are Bntish species occnmng genera y 
fading leaies 

H vanabile Cooke On spinacli . 

H oraithogah Ellotz.cli Ou Orntf/tya/um, 
species of Liliiceae 

H tTpharum C et 3L On Tvpfa anffUfUfoIta 

H iancis C et ai On larcb uee<lle>. 

H asperatum ilas^ee* Occure as a parasite on Sinilocin'f f ’ 


Napicladium 

Conidia oblong three or more celled, and produced “lU- 
on tlie end of short conidiophore's 

‘ Somewhat resemblin’ wffir/irti/iMos^ieni/wi and J)}aehi/ 
but aj«tingin«bed In the les«t rigid fertile lophae am 
large colitar} conidia ’ (Ma't'soc) , » 

Napicladium (Helminthosponum) anindinaceum 
(Britain) Thia hacs paracuic on the leaaes of 
ffunwiuni* and spreads ripidh from plant to plant 


Tlic lca^c^ 


•Worth f ^nitth Cnnlmfr » Chm trh XXM , 1S«G p 2II l«aX 

Atlmv)n ‘ Carnfjrioi I> Imenc-m Carnation Societ), 

Im'rjcoii Jovr$ nl of ^tero/xopy, Fclruar), ISD"!. 
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become co'\ted \\ith conulit and assume a lemlen gre} colour, 
so that m man) cases onlj the points remain green hinall} 
the attacked lca\es die and drj up 

4 SrcT DjcTTOsroiuK 

1 St btfct }ficroi emeae 

The forms included under genera of tins group (eg Sjjoro 
damium and Coniothccinm) Ime as jet been little inaestigated 
in regard to their parasitic nature 

2 S hsect Vtcroie eae 

Macrosponum 

Conidia ^ro} inunforra and home on the apex of simple or 
branched conidiophores 

Macrosponum sarcinaeforme Ca\ ’ Caa ara describes a 
browning and death of a whole field of red cloaer {Trifohnm 
l^atcnsr) and ascribes it to this fungus Minute spots were 
produced at first light coloured then brown hnall} coalescing 
so as to cause drying up of the whole leaf The short thick 
conidiophoies were doachped on the lower surface of the leaf 
and gaae off pluncollular terminal conulia 

M solam Ell et Mart This is described* ns occurring along 
with the blacl rot of the tomato m the United States It is 
said to cause a rot in the fruit and a leaf blight on both tomato 
and potato Along with this species there also occur a Fu-inriHm 
(p 520) and frequcntl) a Cfado'potium as jet the relationships 
of the difierent forms and the part thej take in causing tlie 
diseases a'senbed to them is but imperfectlj inaestigated 

Sorauer® ascribes a disease on the potato in German) to this 
’species or to an AUcrnaita {A so/aitt) He ilso beheaes that 
vt caws* oC tlw. eail) W\g\A wf Amencaw potato otoja 

but further iii% estimation is still required 

"Manj other species of Macro*portinn ha\e been described on 
plants of economic importance jet most of them occur onl) oii 
parts somewhat fade! or languid so that thej cannot be regarded 

*Bno«i and Carara Fun^jfit panuil \ 

* Ptjxtrl of the Srrl o of J rj table t atholoyy for ISSS U '« Department of 
Agriculture 

*Z l*(hrtft f I fa e Ira the te 1S96 p. 1 
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as important parasites Amongst these are the following British 
and Korth American species 

M brasstcae Berk On cabb'ige generally somewhat decajed 
M sarcjnula Berk On encumber 
M nobile Vize On Dianthus 
M alliofum Cke et Mr's? On onion 
M raraulosum Sacc On celery 
M catalpae Ell et Mart On Catalpa Biqnonxoides 
M nigricantium Atkb is a semi parasite accoinpanj mg other disease'^ 
of the cotton plant 

Mystrosporium 

Allied to Mac^ospQixivnt but distinguished by the more rigid 
and darker coloured hyphae and conidia ’ (Massee) 

Mystrosporium abrodens Neumann ’ This is described as 
the cause of i disease which destroyed one tenth of the totil 
wheat crop in the Haute Garonne of Fiance The fungus 
attacked the nodes and leaves forming dark patches , the nodes 
were weakened and frequently broke o\er, while the ears uerc 
badlj de\ eloped 

Alteraana 

Conidia grej niunfonn sejitate flask shaped and borne on 
short simple conidiophores 

Distinguished by the clavate or flask shaped munforml) 
septate olue comJia being united m chains aud connected 
bj narrow isthmus like portions (Massee) 

Alternana brassicae (Berk ) (Britain) This species causes 
on lea\es roundish black spots marked with concentric biown 
zones The mjcelium li\es in the leaf parench} raa md 
off tufts of conuliophoies through the stomata Bfiosi an 
Ca\ara state that it caiwes coiisideiable damage to 
olnncea Cochlearia offitinaht and Atmorncict (Probably t te 
satiiG species as Folijdesmus critio$us Kuhn ) 

Other diseases have been ascribed to speties of AlicrnnH'^ 


Septosporium 

Coiiidn brown and innriform septate Conidiophores of two 
kinds- — short and fertile or elongxttd and sterile 

Septosponum heterosporum 1 1! et Gall causes n 1'^'^^' 

• Un ntu\cati parasite >to bit Soctih tit liiiAoj fl ISlT. 
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spot on cdli/onnett ill Cftlifonun Tlic liocoinc 

quUe W-xck on the loner suthcc, brown oi\ the upixT The 
fungus Ins not ns }ct Ihjcu reportctl on cnllivntetl miics 

Tumago 

Conidn grej and two or tlircc-coUed 

The species belong tn Cnpnoilinm (see p 181) 


3 FAM STILBEAE 
1 SER. lIrAI/>STlLBl_Vl- 
Seet Ittetwitorae 
Stysanus 

Conidia pole coloured, more or less sphencnl, nnd (le\ eloped 
on, 1 dirk cjlindncnl or chNote erect stroinn 

Stysanus veromcae Piss* Tins produces irregular spots on 
the Idles of cultiiatod KrroKim longi/oha in Itil}, and causes 
the plant to wither The columnar stromati nro produced on 
the lower surface of the lea'es, ami giic off nnicelluhr conidn 
St ulmanae JPW* On Spxrca Uhnaria in Ireland 

Isana 

StTomi erect, clai ate, gencnll> branched nnd be mng comdio- 
phores ill oier The conidia are abjointed from the apc\ of 
the conidjophores, and ire uniccllulir, hjilme, ami rounded 
Isana fucifonnis Berk^ Tins disease, first obsened m 
Australn is described b> Smith as occurring in England It 
attacks grasses, especially Fc^txica, during summer The stems 
nnd ears are glued together bj the fungus stroma, nnd conidia 
arc del eloped on all parts of the plants 

2 SeR PlIArOSTILBPAE 
Sett 1*1 nigmo^porot 

Isanopsis 

Oonidia palc-coloured, cjlindncal, nnd pluncellular 
Isanopsis gnseola Sacc.* produces spots on leases of hung 

^ lithe jxa, 1877. p 12.1 

*M‘MecDey, Irfli \aturaltHf, 18*)>, p 273 

*lVotUi G Stnith of Fiell aiwi Crop* Lontlou, IS&l, p 5o 

<llno*i *n<l Cavara Fuiiqht 
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culti\atcd kidney bean The mjcelmm li\es in the Iwftissues 
and forms «tromata under the stomata from which the conidio 
phores arise m tufts The fungus often oecnrs along with 
Uromyccs phaseoh 

Other species of are recorded on tlie liMn^, leaies 

of aaiious host plants eg Cetashtm and Stellann 


4 FAM TUBERCULARIEAE 

Volutella 

The conidial patch or sporodochium is discifonn regular 
and fringed or studded oxer with elongated spine like h}phae 
Conidiophores simple or branched and bearing elliptical or 
oblong conidin 

The majority of the species of J’ohitdla freguent onlj dead 
plant remains Atkinson* howeaer describes and figures a 
widespread carnation disease m ^o^th America which is ascribed 
to a species as yet unnamed Fresh cuttings are most commonly 
attacked and exhibit dirtj broun depressed areas which soon 
ruin the cutting for purposes of cultivation 


Fusanum 

Sporodochium more or less eflused Conidia spindle shaped 
or sickle like pluncellular when mature The conidiophores 
are branched and give off the conidia fiom their ape\ 
Fusanum heterosponum Nees Franl * found a field of 
rje near L.iel completely destroyed -and the ears quite o'cr 
grown by this fungus I ha\e found it on ears of 
perenne and Molvna cocuUa m Ba^wa 

Species of Fi sartuni have been frequently described as caii'^mo 
injury to cereal and glass crops ^ in some cases to a serious 
extent 

While most of the species of Ftsarum are found only on 
dead or dying plant remains a parasitic mode of life has been 
ascribed to some 


Fusanum lycopersici Sace* The Sleeping Disease of 

I 7 ’ ^ American Caraat on Soc ety 1891 

JaArO ch J dtvixch la t e r(h Getdl 189’ 

^ ^ d « q/" 1884 p 208 

Ro.tn.py an an m on 0.t) Laallatlrfttr . 1893 

llu.oc ffanl.n.P. Giro o/o •<„, isOq p 707 (tit) 
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tonntocs This tomato disease has pro\e(l %crj destructive 
during recent )ears in Itntnin particular!) in the Isle of 
\\ight and the Channel Islinds Plants arc attacked when 
quite )oung but the disease seldom manifests itself outwardly 
till the plant is full grown The first S)inptom of disease 
IS drooping of the leaves with or without discoloration At 
tins stage the roots of attacked plants will be found to have a 
)cllowish brown colour in the wood rCoion The m}celium 
of this fungus will be found in the vessels and othei elements 
of the root The) are believed to originate from resting spores 
which have hibernated in the soil and given off germ tubes b) 
which vouiij, rootlets were mfected The m)celiuni males its 
wa) up the tomato stem discolouring the vascular bundles ns it 
goes The conidia arc proiluced on all diseased organs as a 
whitish bloom on the epidermis The earlier conidia (Diplo 
dadtnm) arc oval and one or two celled but the) arc soon 
replaced b) pale orange crescent shaped conidia of the true 
/’asniiim t)pc The resting spores are produced on the h)phae 
in the tissues of the decajing host stem, after Jiihernition thoy 
germinate and produce h)phac which give ofl" the Diplodadxunx 
stage Massee found that only the germ tubes from restiDj, 
spores were able to infect tomato plants The same author 
does not consider fungicides of much avail on account of the 
diseise beginning from the roots Careful removal and destruc 
tion of all infected material and a liberal application of lime 
to the soil arc measures recommended 

Fus limonis Pnosi {1-usixponum hmonis Priosi) This is 
given b) Briosi as the cause of mal di gomma of orange 
ind lemon trees in Ital) and elsewhere, ‘ Webber and Swingle* 
ascribe the disease of the oringe and lemon m Honda known 
as foot rot to the same fungus In Flonda the damage dont- 
is ^reat and much more serious tlian that caused b) an) other 
<hseise of the simc plants It nia) be recognized bv tlie 
ctudation of gum from jvitches near the base of the tree The 
pritches enlarjjC and the disease spreads round the trunk and 
downwanls into the roots passing inwards from bark to cambium 
and wood killing the tissues as it goes. Other s)mptoms 

'BnosI Mal di gomma Metiona tltlla Ji 4eal det Lice Pome 18*8 

* W ellwr an 1 i gle P ae&aea of citroua fnutt m Flonda.” Ar*nea 

of Xyneulliirt P It t n No 8 1896 (bilit.) 
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an sjnr«e folinge, «:nnll yellowish and death of tie 

siinllLr branches o\cr tlie true Sweet eeedling orange {Cxtn 
mnantinm) and lemon {C Itmonnm) are mo«t subject to Ihi 
inahuh, t!ic grape fruit {C deenmana) is onh «lii:htl) liable 
and thu •^our orange {C htjaradia) is almo t whollj exempt 
hor this rea^son «5our orange stocks should bo lued on lowhiah 
and flatwood<! and grape fruit clocks on the liigher lands. The 
most ufilctiNC treatment is to rcmoac tlie coil around the croivn 
roots b} iicing a jet of water Diceacetl bark should al o be 
cut awaa and the wounds painted o\er witli carbolic acid or 
sulphur wash Good drainage to promote root aeration and 
the aaoidancc of e\cu«si\c nee of nitrogenous manures are al o 
recommended 

Fus vasinfectum \tks * \ species found ba \tkni on to 

cauco a cotton disease known as frenchnu This cod«i ts 
a diccoloralion of the leaf from tliu margins inward at fir t 
pale or aellow but turning to brown A macclmm avas found 
in thu tissues of the stem causing the aa«cu]ar buiidlCv to 
assume a liglit brown coloir The host plants are cither kiHwl 
or CO scriouclj iductcd that the crop is )n)ured The conidia 
formed aie of the pleuriseptate shghtla curacd /’isantua ixp. 

Vtkincoii in the cource of his inacstigalions on carnation 
dicei«cs found a Fiunrm tn prc«cnt in all cases of the carnation 
rocettu Thu cttius remain choit and stunted with their leaac 
small and crowdtd together A inaceimm aaas present m th*^ 
ticsucs of the stem and caused diccolourud spotc 


II THE P\TIIOGEMC SLIME FL/NGI 


MYXOMYCETES 

The Ala \oma cetec '* rank anioncct the loavcct of plant fomi^ 
Thea choav cq cloce relationcliip to the lowest animal'' that 
certain groups (^^olla<lln<t) rccunu greater considei'atiou from 
the zoologist than from the botamet Thea u\bibit in tluir 


> Vtkjtison Cotton I) <es»c4 
•«l (MiL) 

'nwcin Carn^ion Societj 18^3. 

^ c n ore imrort\nt litcmturc deal t 

w . Uor/'Ao/cyy 0/7 olo-n nf tl 


My tto n L^nlon ISO sclenLa Jh // 

Scl rooter Mjxonycetca m 7) e »n/» r/.eA 7 /o 


t/a/<nma Ittic Sxjkk Sfntton B Vd 

n CaraMinn Soctetj 18^3. 

•alig «iih this will be foun 1 in 

'1/f /t /lOnglsl tilt on) Li‘tor 
clenLa7/o //trft hr 1 ota^il HI 
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mode of reproduction ft close rcscinbHncc to the lunj,'!, nncl ns 
ft result of their Hck of chlorophjll, the} slnre with Bnc- 
tern and Fungi the pcculnnties of saproph}tic nnd pnnsitic 
nutrition 

The ^eget'ltl\e hod} of the Slime-fungi consists of naked 
protoplasm without a firm membrane Multiplication is (.ffected 
chief!} b} spherical spores with the same external appearance 
fts the usual fungus spore Iiiiniediatcl} on reaching maturit} 
the spores germinate in watei ftiul burst setting free n mass of 
plasma proMded with a nucleus and aacuolc'?, and in which an 
outer moiable Inaloplasma can be distinguished from an enclosed 
granular plasma The h}aloplasnia gi\es off delicate pseudopodia 
capable of extension and retraction, it ma} also take the form 
of a flagellum or of cilu The organism is enabled b} means 
of the pseudopodia to creep o'er firm objects as an "amoeba , 
b} the cilia it can propel itself through water, fts a ‘ sw firmer 
or zoospore A zoospore m the course of its development 
gtnerall} loses its ciha and becomes an amoeba, nnd both 
forms can muUipl} b} division The amoebae creep together 
111 large numbers, and cither coalesce completel} into masses, 
or lemam simpl} in contact as aggregations In this wa} 
plasmodia ore formed, frequentl} of considerable size and of 
conspicuous colour The plasmodia maintain a constant move 
meiit, both ns a whole and m the form of internal streamings 
nesting stages haao I>een obser%ed at each motile stage of 
the life historv , thus swarm spores rest as iiucroc}sts, }Oung 
plasmodia as thick-walled c}sts and raatuie jilasmodia as multi- 
cellular sclerotia 

ilultiplication of the M}\oni}cete 3 also takes place b} spore- 
formation In the Acrasicac and Ph}lom}\iiiae the spores are 
do\ eloped freel} from the plasma The Fxosporeae, a aer} 
siinll division, haae their spores developed on the outside 
of sporophores In the greater number (Endosporcae) the 
spores arc formed in special enclosure^ which mav be a spor- 
anguim produced from a single plasmodium, or an aethalium — a 
cushion like structure consisting of niimei-ous iraperfectl} defined 
sjiorangia The sponngia are often of considerable •'izc, some 
times not unlike the sporocaips of the Ga'steromycetes, spherical 
or pear shaped and stilketl Sporangia of tins high!} developed 
kind ma} even exhibit a certain dilferentiation into a wall or 
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rilul of ciiinjnct plasma enclosing the spores, and frcqncntl) a 
sijpportiiig .skeleton or cnpilUtitnn is jvrcsciit consisting of 
mimoroiis Ijlanionts of hardened plasma 

tsehroeter di\ides the M}\omjce(e3 into three dhisioiis, the 
AenisjcMe, l*h} tom3*\iimp, and M^'Xogasteres (inclinlitig the Iaos* 
poieao and ICndospoieac) rjimsitic founs occur only in tltc 
secoiid of those groups If, lioncver, all the forms inchulcsl 
hy Zopf >n his group ol Mycctozoa he taken into account 
many of them will he found to act as par.isites and to c.uise 
lieipuMil epidemics amongst algae and lower fungi. 

shall hole consuler only tlio genem 7 '/as»nvhVtj>A<im, 
I itmmiftv, and Soio^phann 'JJie genus I'hytoniyxd of Scliroeter, 
oontnmuig those micro.«)igimisma wlncli cause the root-tul»crclei 
of l.psummosae, has alre.ad} l»eeii considered in our general 
pint (see p 101) 


Plasmodiophora. 

bpoics sphoiual nud <le\eloiKid inside the liost«cclIs. This 
goniis cmises dise.xses censidorahlu economic importance 
Plflsinodiophora brasstcae Wor’ This species attack’' all 
kiuils of enhbago, Ivulo. uimij., kohl lahi, and othei varieties of 
7/ Xtipu\, J} and other edible Cruciferaci 

also lUlier plants irom the suiie older, such ns 
Inn ^ii‘jut‘,toi i'> rnmnn, etc 

The symptoms ol tlie disuse arc mamfold swolhng. out- 
gi'owih, and bianclnng tif the loots at nil stages of growth, 
with n mou' or hss marketl siuntiug of the foliage, according 
to the season of attack (Tig The foiius assumed by 

defoimcd loots nic mij \niinhlo and lm\e gamed the dists^c 
man) designations ju Itinniu it is known as ‘'linger aud 
too disc ISC, ‘club root," clubbing.** and "unbur)*"; m Bel- 
gium ns "mahuho diguoire’’ oi '* Vingcrrioktc"; m Ocrinan) 
Us ‘ Kiopf’ or " Kolilhornu* ’’ 

llio disease was first reiouled in Scotland about 17Slh h'd 
now It bus n \cry wnle ihstribiition. nppcirmg m nil places 
when' cablngc. turnips, ami alliwl \ogetnblis niv cuUnalctl o» 
a liiisgc sc.ile Iho im>ts aftii swelling beconio rotloa and 


\\oronin, ! Jahr^.uch. \i . |s7V, ii .MS. r\clf'hjiner 

» .Uiro/ivv. Ml . ^ ,11) ci'f* K goo.! nntnint of iu m Aiiifri.a. 

7rn.MO<-/.o.M of I.oi/nl of /omf.w. LMI , Isfta 
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deca}, so that not onl} is the root itself worthless but the 
aerial shoot is bndlj deicloped The destruction is greatly 
faiourcd by moist rainj jears 

The malformations of the root are the result of hjpertropln 
of the host cells due to a stimulus exerted bj the plasmodium 
of Plasmodiophora not onlj on the contents of cells inhabited 
hj It, but also extendm" into the cells of the whole neigh 
bounng tissue The cells so influenced enlarge in size and 



Fio 315 — etafmoii a Inui rat Effects on T rail's grown in Scothnd 

(t Tutwuf phot.) 


become dnided up b) new cell walls Ihe plasmodium make^ 
Its waj from cell to cell b} means of the wall pits and 
b} absorbing the contents it grows and hlls the wliole cell 
On exhaustion of food and without prcMOus enclosure in a 
membrane the plasmodium forms itself into sjiores «o that the 
ti'^sues of attacked roots become completely Idled with thick 
walled spore's which are set free only after deca\ of the 
eurrouiuling tissues and cell membranes The spores hibernate 
and in spring myxamoebae slip out capable of infecting 




52G 


THE PArnoGhMc sLuirrcNcr 


\oun' roots of newl} gcrmin'ited cibbi^e turnips etc The} 
<lo tins b} penetnting the cell w^ll probibh that of a hair 
to b(^in uitJi anti the inalfonintion ensues The m/tatnoebae 
possess a flagellum and pseudopodia *0 that tbe> are fitted for 



F 0 316 — PiamioJ opTlo a brm ca nSects on Tiin p ('n>ui> tn Russia 
(After ^ orouin ) 

different modes of locomotion "W hen entrance into a host cell 
has been effected a plasraodmra is formed and growth proceed 
as just described 

Wnkkei^ describes an enlaigement of the attacked cels 
and an irregular growth of the toots associated with a rudi 
^ Pn j$hetm a Jaht^fh 1532 . 
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nientar) condition and twisted course of the vessels and an 
accnimdaUon of tnnsitoij stwlv in the tissues 

[The methods at our disjxisnl for combiting this parasite all 
work indirectl). Its spores seem to retain their Mtalit} for two, 
three, or more j ears, hence one i erj evident measure is not to 
plant the same crop in succession on land which has been attacked 
As, however, all Cruciferae are liable to injurj from this source. 



neither would it be advisable to let saj, turnips follow 
cabba,;e or kohl rabi on infected land For the same reason 
weeds belonging' to the order Cruciferae should not be allowed 
to obtain a footing near land where plants liable to “ finger and 
toe” are under cultivation In Scotland, where turnips are 
nocos-ar) m all crop rotations, a four-} ear rotation does not 
give complete exemption from this disease, nor is fi\e years 
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consulered quite a safe intenal but ';e\en ^ears i' and with 
good management t))C disease though hi no means uncommon 
onlj then attains senous dimensions in moist season^ ^fas^ee 
points out that the development of the fungus is favoured br 
acids and checked hv alkaha this tvphms the wellknoini 
beneficial tfiects of dressings of lime or potash in keeping the 
disease in check ■\^lth i 6i\ or «even vear rotation and the 
application of lime once m the rotation the di«ea«e should 



To 11 Hrpert opti rd rellBfroiosOtba « root atucked br i* s^oii r o-o 
Oo m berend of the mU 5 we filled with tjr re* (r TubeufdeL) 

never be verj injurious The direct apphcation of farmyard 
manure to the turnip crop should al'^o be avoided e^peciallr 
if the stocl which made the manure was fed ou diseased turnip^ 
this 15 necesmrv because it has been found tint the spore are 
not killed when eaten by ‘iDinial‘=J (Edit) 

Plasmodiophora vitis "N nla et Sauv * This is said to 
cause a \ me d:®eaee known as Brunissure which within 
recent 5 ears has caused considerable loss m Prance ^o^tb 
America and Southern Pucen* Tie earlv svmotoms are light 
brown star “slnped *;pots on the upper surface of the 
between the nbs The «pots enlaige and enu'^e a premature foh 
of the leaf whereby the gripes are prevented from maturin" 

> V ula et ^au ageau CompI re/td cut 1892. 

‘Cooke {Card r* C/ron U 18*13) refers awelliDgs foand by h m on roota of 
the r c la togland to the act oa of thw fnnga^ (M t.) 
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The above named m\ estimators found phsmodia in \anoiis stages 
of deaelopment in the pah«8ade cells and later m the spong) 
parenchyma of di'^eased leaaes On treatment with can do 
yavellc the plasmodio. remained visible whereas the contents 
of healthy cells disappeared Spore formation Ins not as yet 
been ohsened The same parasite has been seen in vines in 
the riiine district 

I eccntly Debriy and Bme' liavt m consequence of their 
resc irches on Brunissurc removed the fungus from the genus 
Plasmodioplioia and founded for it i new group Psn docommis 
with a position near VampyreUa and Myxoinyccte^ This same 
fungus they also found in a lai^e number of plants from thirty 
different natural orders 

Plasmodiophora califomica “Viala ct Sau\ ® is another vine 
parasite which causes greater damage than the preceding species 
Peddish leaf spots arc produced and extend so rapidly that the 
leaves may drop early m spring The parasite also affects the 
shoots to such a degree that an abnormal number of shortened 
bnnehes are de> eloped the wood of which exhibits brown 
stripes in autumn 

It has not as yet been quite prove I that the plasma observed 
in withered vine leaves really consists of plasmodia of the 
above two species of Plnsi xodiophora nor have spores been 
found The true cause of tl e diseases has probably still to be 
explained 

In cases of root deformation m pear ^fuller Thurgau^ observed 
a slime fungus in cells of the root parenchyma 

Tetramyxa 

Spores united four together as tetrads and enclosed in a 
delicate membrane 

Tetramjxa parasitica Goeb* Iirst found by Goebel in 
ditches of marshy meadows causmg tuberous balls of a whitish 
green to brown colour on leaves flowers and stalks of Pinia 
roslcllata Sections of the swellings 'showed the parenchyma 
to be divisible into a dark brown central part consisting of 

'Cotnpl Ttndu exx ISa^ aol LaDnn rt Ptrut de \ %t ail urt 1805 

*Compt Ttnl c\' lStK» p C" 

* / \tr$Sal WuJtnnrt! tl 

*Ooebcl Horn IS**! IJeot ^ed in ScotUn I by Prof Tral 
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1 iJlotl cells niul a li^'liter coloured jienjilicnil jiirt Ihe cells 
of ) ouii" tubercles contain innUnmclcsr jil isiuoiln nlncli at tVie 
time of spore formation break up into portions roiinil ™li 
miclciis (siioro iiiotlier cells) llicsc pottioiis tlicn ili'ilc mVo 
four spores tieli iiiib i nncleiis ibc spores remain inclwt! 
in II delicate membrane ns spore tctiads tlio clinraclcnstic fnlnic 
o tins siiGcies Tlie upper jiart of leates contnmm' 
Irciiuentl^ died 


Sorosphaera 

bporos enclosed m hrgt niimbom in n delicate ineinlrine 
and loriniii^ a single lajer round n central cant; 

Sorosphaera veronicae Schroct ' causes quill like oiit_roi\lb! 
and niairnrmations m the stems and leaf netiolts of sj ecics of 
! fxwici (r Minfitin !' triphylh V chmmalry!) The galls 
consist ol enlarged paroiiclij inatous cells containing mniie»“s 
sphorica in olIiptic.il !n.|,t bronn lulls about 15 or 22p bwail 
Iha balls are enclosed in rerj delicate monibnncs aiul con'ist 
Ot a sm„lQ Inier of spores surrounding a snnll cJMt) The m 
diiidiinl sports are elliptical oi oblong in sliino about S Up 
long ami J 4 i« braid 


Itl HIE PATUOOCNIC BjiDJ'lJlU 
SCHIZOMYCETES 

AUhongh tbe bacteria and allied forms incliulcd m tins 
group are the cause of inanj diseases of mankind and of 
inn blooded animals jet aerj few diseases of plants 
nsenbod to their a„tnc) TIic true Imigi on tlie otlier bind 
iwiica we seen to cause so maiij diseases nmongst plant* 
on } \ci-) r irelj appear ns ciieiincs of the lilglier nninials 2be 
Ml cases m winch bacteria bare been slated to cause iiijtwj 
O p ants are all as jet incoraplctch inacstigatcd and unertWn 
«o fLspects Tims although a i»lnnt disease iindoubtfally 
C l s afcompmied by the apt)c'iniicc of I ictom theso 1 actena 
t \ a ^ ‘^*5ea&c iior need it foWoV 

m L nccompnijm^ an attack h} Mctcna mc 

c ri ^ sjinptoms of th'sease On tJug nccoimt «c 
'‘?c/rocter / /»m» rf , «/ rf,f/ jj{„ 
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consider those phenomtin whicli Imt been described as 
bicternl di'^eases of plants \er} bncllj and with a certain 
resene This part of the work has been considerabl) facilitited 
by the use of Ludwigs compilation of bacterial diseases* and bj 
MigUlas account of them from the bacteriological point of \ic\v 
Migula considers that onlj fa\e diseases of plants ha\e been 
definitelj pro\ed to be due to bacteria uanielj pear or apple 
blight sorghum blight the bacterial disease of the maize the 
bulb rot of hjacinths and the wet rot of potatoes We shall 
howeaer indicate brietl} some other plant diseases which are 
suspected to haae a bacterial origin The slime lliiaes of trees 
have been dread) considered along with the genus Etuloiijccs 
(p 141) so that we omit them here 


Fear and Apple Blight 

This destructue disease of the apple aud pear m Noith 
America has been proved by the in\estie,ation5 of Burrill" 
aud Arthur to be without doubt of bacterial origin The 
disease has been known for over 100 )eirs md occurs 
with disastrous effects on fruit trees m the orchards as well 
as on crabs and other wild species Pear trees seem to suffer 
mo'st in the Eastern States apnle trees in Iowa and elsewhere 
while none of the species of Pyrus Cjdonxa and Sorhus are 
exempt from attack 

The disease appears first on the bark as little dead spots 
these how e\ er rapidl) enlarge till death of tw igs branches aud 
even stems maj follow As a result of death of twigs the 
leaves turn brown and fall while a dark fluid exudes from the 
diseased bark The presence of bicteria has been proved in 
this exuded sip as well as inside the cells and infections have 
been successful!) earned out from pure cultures Tiie name 
Micrococcus avxyloiorom was given b) Bumll to the organism 
It flourishes on the sour unnpe fruit and in the tissues of 

' lAhrh eh Ur tieUren Kiyf toyan tn IS^i 
Mipuh Anf •eA< Uthincht f Iflai t Imnlf e ft i d rt! Balter tn lenr 
4n ht ISO 

1 nil eux et DeUcrou MaU lies bacc lU res Comj>le rendu 1894 

’ Butnll Th Imfrtcan \aluml 1S$| 

\rtl ur leportof\ee 1 ort 4jrte Exptr Salon 18S“ 

\\ site itarlooL of U S Ihjt of iyrte Iture 1&9j Jescnption and 
trrstn ent 
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diseised branches, and is one of those forms which does not 
liquefy gelatine One characteristic reaction is, that as de«tnic 
tion of the tree-nnd proceetls, fermentation tihes phce wil 
production of carbon dioxide, hjdiogen, biitjnc acid, and alco*o 
The bactoiial colonies shoiihl be c.irt,full) cut out w en 
detected 


Bactenosis of Carnations 

Aithur and IJollej Iiaae recenti} described a bacterial di 
case of carnations common in Xorth America ' It attac s ^ 
Iea^es almost exclusueh, causinjj pale spots %\bich later 
whitish depressed areas The plants are seldom hilled outric ^ 
and the leaves remain attached, but the) arc stunted m si , 
and the yield of flowers is prejudiced The disease is . 

bj poor cultivation m moist surroundings, and is more 
indoors A ver) efllcient reined) is to avoid 
foliage except at long intervals, b) means 
possible to water the roots without touching the foliage { 

Twig-galls of the Olive" (" Kogiia or Loupe ) 

Twigs of the olive are frequently beset with knots 
from the size of peas to that of hazel nuts These 
cliiefl) of parenchyma whicli begins to deca) internally 
the gall has ceased growing, finallj the gall also dies 
way cavities m the twigs are formed in vvlnch PriUieu^ ° 
large masses of bacteria {Bacillits oleac) to whose ac 
ascribes the formation of the galls, as well as the ^sbow 

tissues Infection from pure cultures is yet required o s 
whether the galls are really due to the action of the 
and whether the above mentioned JBacillus is the rea 
I had the opportunity of personally inspecting the disease 
olives near Pava, and found that the galls really 
nests of bacteria while death of twigs above the ga s 
very fiequent g 

Similar symptoms of disease occur on willow, birc i P 
and other trees, but they have not been jnv e'stigated 

>Arthar and Rollej, Purdue t/»iier>nttf Atp'te i-rjut Slafion, 

*PrilIieu* " Lcs* tumeurs bacilles de lOlivier, etc,' /'<n/e 
lotaniqtie, J8S9 
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Twig-galls of the Aleppo Pine * 

The galls occurring on the U\^s and branches of Finns 
Jmlcprnsu are e^ en larger than those on the olive , the} are 
particularly common in the woods near Coaraze in the Alaritinie 
Alps The galls contain masses of bacteria situated m canals 
and CAMties in the parenchyma and throughout the woody 
tissues inside the galls Pnllieux regards bacteria as the cause 
of the galls and he belieaes that the} penetrate the healthy 
bark and form nests which kill the parench}ma Lxpenmental 
infection has however, not yet been earned out 

Canker of the Ask 

Sorauer’ regards the well known ash canker as the result 
of the action of bacteria but Xoack thmks tins improbable 
Bacteria were found m the canker spots onl} in summer and 
might easil} ha\e got there accidental!} after the formation of 
the galls Galls of the ash cau«ed b} attacks of the insect 
Phptoptns ma} frequentl} contain bacteria 

Canker of the Ivy, 

I indau* describes a cancerous formation on i\} twigs accora 
panted b} death of portions of the lca\es The diseased places 
contained slim} masses of bacteria and the canker spots though 
at first isolated b} formation of wound cork continued to extend 
till the} reached the wood winch was ultimatel} killed Pure 
culture and infection evpennieiits were not earned out and the 
author himself was unable to determine whethtr the bacteria 
weie primar} agents in the canker formation or onl} late arri\als 

Lilac Disease 

Soraucr* ob<le^^ed ina*‘<;es of bacteria enclosed in ca\itit-s in 
}oung twigs of lilac which after becoming black spotted had 
in man} cises broken o%er Tlie attack and the pirt taken in 
It b} the bacteria were not howe\er in\tstigated further 

' \ uillcmin sur uiic tumeur «1n lin I Ale{ Coixpt ml, <'\ii ISSS 
Pnllieux {tof eit ) 

’'ssraucr t/Zm I I /a r tm Ihnit \oacL I)er 1- % henkrtli " 7 it 
xfhrtft / IJIai rnlra ill (ittn ISJS p 191 

’Linl&l Ztit’hrjt f Pjlii utlra II tti ISOJ p | 

*“v>rauer Zfil*fhnft f ifiai itm Ik ttei 1S91 p ISO «n I p SM 
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Bactenal Disease of the Mulberry* 

Cuitit'. conl'iiniiiu lictcni !n\t Ktn found in Irown f 
on ih ei«e<.l 'ind tw"s of the mulKm A f 

‘ } icterix ri vrns i olitcd and found to nprcdut 

di tT'e when u^eJ to infect herlihv I h^'^. 

ob oned in tlie *11101x111111 of tin. fore t exiH-nirental = " 

•It Alunicli mo t of the iitw twiJT' of an old niulItrrY tre* 
be et with broiTii oier the ivhole erttn ti t ’fl"* 

ItTie-' on «uch tin^b wire not ‘ij»otte<I 1 ut dicil ofl jnn 1 
The ''p<its indicTtoil ciiitiiN filleti with Kictem mi a 
sul tanci 


“ Mai ncro ’ of the Vine 

Thi'5 n inn is pUen to cert un di«ei of the 'ine iht ca h 
of which In' luier Ixcn «*iti fictonh txjd'iineii 
sntcctdiHl in obtiminj ill the «imptom« of the di'Ci-t 
inftelin* health! twus l\ ^afimu on di'ia'Ct! piece I'rilh 
and Pelicnix’ <U enb* a «imilar ih ea«e preialen^ in 
and thruuhout trinci with tlu name “Aul-cmict'’ 
wiod wlitn itlackid exhil it' Hack points which 
enlar e and ccvili ce eau mu it to doca\ All di ea«ed thn«.c 
Wire found to lontain \ Irown ciunni! «ul tanct m which * 
fonn of Jr^ttitkru bactermni '•wnrnu'tl Inoculation of hiih ' 
MiK proilucid tile ditic in the followin" }ear 

Certain dnea«e» of the grape haee al o l)eeii n'cnbexl t' 
biclenal aition and in\e ticUious are at |re'enl m pn^i 


Sorghum Blight. 

A di el e of s|)eeti' of Sr^hitu ha^ been lon^ known m 
peenlJ 


cf 


Vmorica » peeialJe in one of the ®ource ^ 

‘'U.Tir Th* 'nuptoius are nil or I lick spotting of tht h^'*^ 
and other ^varts of the |lant Tlie disease nn\ e\in 1*0 
enough In came death of the ho t plmt« rumll in I*''' 
f un 1 a lactenal form pre ent m the and nanieni 1 

Jr-ttilli < s! n! \ Kellermaim and ‘'w ingle* ol tamed pure culni*' 


‘lloerranl LftmUrt lVn\ m*Ud « la Mfin^r ** r-m// r-H / 

1^1 \t «bo / «/ ; r I at |sa| 

* La pomn o*e bacilli re I \ isniea ” toirj-f • f CXTitt 

* / / t t'f t l rji I J^rint t €<f Kft tn* S a t I jr\<- 
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and earned out successful experiments m infection of health) 
Sorghum 

Diseased helds should Ime the Sorght m stubble burnt out 
and other crops cultuated on them for several )eais 

Bactenal Disease of Maize ^ 

Irom dark slim) spots on joung maize plants which had died 
from some unknown disease Burrill isolated Bacilli s sccales 
Pure cultures were obtained and ininntel) described but no 
record is giv en of its use in infection experiments 

Red coloration of Wheat 

This IS a phenomenon not uncommon on wheat gram where 
it raa) be epidemic Pnllicux* ascribes it to a Mtoococcis 
which he found associated with it as however neither pure 
cultures noro made nor an) experiments m infection earned 
out the cause of the di«ease is still doubtful Examination of 
diseased grain showed that the starch grams and even cell walls 
had been dissolved 

Mosaic Disease of Tobacco 

This disease of the tobacco is well Inown m the is ether 
lands It makes its appearance as a mosaic like pattern on 
the leaf due to isolated spots becoming light green then d)ing 
Ma)er^ ascribes the disease to the influence of bacteria although 
infection expeninents have hitherto failed other observations 
on the disease do not confirm tins condusion 

Potato Rot * 

kuhn described a drv rot or tuber rot of the potato which 
had been known since 1830 The disease appears generall) 
alter harvest and lasts till spnn^ The tubers shrivel up and 
becoin« \er) brittle 

‘B rrll igne Lxper Sato L of III o 18S9 

* i al / s I I a r «5er M 8 18 S p "IS 

* Ueber 1 e Mosa k krftuVhv t des TaliaVs I <r# «fti/ on X ol 3'’’ ISSO 

*llln D f V ( It t d At /f ly n ht ISoS 

The text bucks of Irank aul drawer 

lie nke an 1 Berthol I D e Z rset I KartofT I d reh P ISO 

Ktnmer Of rrt I la d rir h Ct tralbla ls91 
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Another Jiseise of jiotnto tubers gmte distinct from tie 
n o\e la wet rot uiijch rs wiOeh distributed and has been 
hnonn since 1845 It -ijipeits on the field and shows itself 
) 1 iiiitrefiction of the tubers Krimcr in\esti^ted tubers 
whose contend hicl liquefied inside the swollen slvin Thev 
con ainec um tered stircli grains remams of the protoplism 
and niimei-oiis bactern The mass in tl.e earlier sta J was 
Cl a er it became all ilme -jnd smelt strong!) of bntj-m 

eeia Kr-mer ohtaiiied pure cultures of the bacteria and infected 
loteto tuhera m ranoiis wa)s obtaining m eien case the 
obamcteristic rot The was obtained m the form of 

rods wit), roimdcd ends or ns long wna^ filaments or as 
the colonies form little dirty 
eenir ' distiDct maigiu aud a hiownish 

1 ^tilatme the margin of each colour luaheo a "roove 

nplsMns'^ 'rfucli the colout hcs and hpuefictioii of the 

;esD et ” «■'» 

an lorni froui C/osi) hiUyncuvi iPrazDi wliicliis 

thif i/ t ftlso differs from SnciUns JJiieppe m 

'decompose imlk It appeire quicXlj on 
arnfff’iWK f ^ and mfeciiou can eisilr be performei 

Infeni'ir.tr^ ? otbenvise wounding the pendenn 

through uninjured skm and in 

tZr lenticels ibe 

tiip bsgms with the formation of a ‘joft spot under 

Thm evtends rapidh the tissue 
the 1 1 f ^ ^ destrored and lea\ing great cavitie& containing 
starch grams At tins stage carhomc 
ams fijnned ao that the i-eaction to hi 

from decomposing fluid becomes alkaline 

ainoioun niethylamuie and tnmetfnlamiiie. 
m the bacteria and fungi make their appeinnee 

been ruptured^ decomposition after the periderm Us 

the'solTl.'rr'’? <i‘>ease is rejjorted hi Ilahtwl* fro® 

art alsn I- ” ‘■'3''’'’ ^nierica Diseases of a similar nature 
also reported on tomato cucumber and melon 

^ ri / Pfff, j Iranlhe I j ai 
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Potato Scab 

Tlio S}niptoms of this common diseise consist in the fornmtion 
of areis of <lr^ cork) tissuo on the suffice of the tubers 
llicse soon fill n pre) to bicternl forms, niul rotting takes 
place soon howcier to be cut olT from the health} tissue by 
a layer of cork The disease coiitiiiucs to spread deeper into the 
tuber till the resene materials arc usetl up or rendered useless 
llolle} • ascribes the disease to a particular Bidcnnm uhicli he 
isolated and used to carr} out infections on health} tubers 
Without doubt this Badenum is common m tubers evlnbiting 
scab but other conditions ma} Imc caused the disease in the 
first instance 

ThaNter’ belie\es that the scab disease of both potato and 
beetroot is caused b} a fungus Oot})ora scabies (p 497) 

fechilborszk} * in nuestigiting a potato scab found a fungus 
uhich ho places amongst the Ch}tndiaccao , its hie histor} has 
not as }et been followed out 

Bacterial Diseases of Beetroot 
Beetroot and sugar beet have shown themselves ver} liable 
to diseases which have been ascribed to bacterial agenc} Tims 
in su„ar beet winch }ieldcd alow proportion of sugar Arthur and 
Golden* found tlie cells inhabited by a multitude of bacteria 
These inhabited both roots and leaves without however giving 
ail} e\ternal evidence of their presence 

Hiltner* observed that beetroot dievl in consequence of loss 
of its root hairs This loss was traced to bacteria and after 
the«o h id been killed b} disinfection the same roots again 
produced normal root li urs and grew well 

More rectntl} Sorauer® describes a disease of these crops 
in German} The lower ends of the plants become black while 
from the undiseased portions of the surfice there exuded a 
gmnin) fluid containing bacteria jeasts and fungi He considers 

IJollej lotatoScab igrtfvlt ralSeience 1890 
^T1 aMtr } fport* of tl € Co tffle t Ajrte hxper Statxon IROOanllSOl 
*''cl IbcMzkj \ orlauf Mittbeilini; B*r d dtvtA h hotan Cen , 18DC p 3(3 
‘ D seasosoftJieSugar Beetroot Ida aAjrtc LxpfrSlatoi Balt II 1802 
“Ulltier SlckAH(} land rtrlh ZtH y IS94 

* JU I t(r / Z elern I f lau 1R04 also Cet IratUatl f BaLtertolo<j e i I Para 
* I nl I If Will 1^01 p 21 
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thit the disea'^e was in tlie hr't instance due to bictenal action 
Other diseices lia\e alreadr been noticed ainoiic”=t the 
Impeifecti (p 404) 


Gmtunosis of Plants 

There are imn\ disca':es characterized br a 
from the di'^eased parts or from their neighbonihood. 
plants exhibiting this are trees like the mulbenr o ive v 
and vegetables like potatoes turnips beetroot an m 

others As jet however no investigations have been carrie^^ ^ 

carefully enough to give satisfictorv explanations of them ^ 
however probable tliat tbev arc pnmardv due to erro 
cultivation wlule the bictern which are always 
With them are of «econdin importance as dicev'^e produce 


Bactenosis of Bulbs- 

Hjaemth bulbs when ^stored up are hible to 
di eases which brin,, about rot and decav 
been found in the tarher stages of the rot 
observers One of the«e bacterial fonns deecnbed bv 
occurs as yellow macse'* pvrticularlv in the decavin^ 
vascular bundles of tlie bulbs it has been name " 

1 yncintht akk Wakker succeeded in caxrvinf' out me 
with It and It seems to be a definite bacterial di 
external symptoms were yellovv lines on the leaves due o 
masses of the Baciths in the vascular bundles and interce 
spaces of the parenchvma. . ^^^5 

A-nother bicternl disease of hyacinth and other b” ^ 
investigated by Heinz." The di^'ease starts from the ” ^ ^jg 
rapidlv extends into the leaves and mflortccences *=0 t 
leaves wither and the flower buds drop off Shortl' a ® 
the disease 1 tissues break up and become a foul ^luel m 
containing an almost pure culture of a bacterial fon" 

Heinz named BaciUts lyannUiu ‘trjltcns. The . 

cullivatc<l on gelatine which it does not lifpiefv ^ ^ 

to the base of tbe leaves it eosilv infects them j>enetratin 


, t 1 Z 

nXUr Ponn C ralUatf MV VVaUfr ^ 

>»n Ityac ntl en etc.” Hr t< e <j roor plo 

»llcnr C m/rnlj r Pnl rttJoijtt I I am t> 1 r>if ^ 


S-Ov 



lUCTiniosis Ruirs f'30 

t^\cntJ four liour<5 to fi distance cf 'i 10 cm tbrou^h the leaf 
ti'^sue Infection of ka\{.9 and Imtbs of common onion with 
the same J(7Cf//irs was also sucee«fuIU earned out and tlu saint 
sjinptoms of di<5case followcil 

Sorauer m his Handhiich describes a 1 nib rot said to be 
due to bactCTia , but whether it be the <^ame disease ns this 
or not we cannot sai 

Bactenal Disease of Beans 

Ilalstod^ dc'cnbcs a disease on cultiiatcd btans which cuised 
considerable loss in the United Slates Bacteria were prtsont in 
lar^c numbers in all diseased parts but to what evtent tlicj 
were responsible for the di‘sea«e could not be cxactlj dctcnnincd 

n Tilt rtTiiOGi Mc alg u 

The Cjnnophjccao or Stlnzoph} ccac though cCnerallj placed 
with the Bacteria m the group of the ‘'chirophjtcs ait licrt 
included with the true Algae on account of the fere it rcscniblanco 
m their mode of lift when tlicj jlaj the part of HjnibiottH 
or parasites 

The Diatomatcac contain no endoph)tic specits 

The Algae differ from the groups of the 1 un^i Mjxom>cetcs 
and Schizom) cetes m tlicir possession of chlorophyll ami then 
power of assimilation The relationship of the Al^^ae to otlior 
h\ing organisms maj be cxprcsseil under tht following heads 
I Sjmbiosis of Algae with I ungi (lichens) 

II Symbiosis of Al^ae with minnals 

III Symbiosis of Algae wuli chloroph) lions plants 

(rt) I piphj tes 
(b) Indophjtcs 

1 Inliabitants of free sj aces in other plants 

2 Inhabitants of domatia 

IV Parasitism of the cndoihjtic Algae 

{a) In relation to annuals 
(b) In relation to jlants 

1 Inhabitants of the cell wall 

2 Inhabitants of the cell caiitj 

3 Destro}ers of tissues ns a whole 

' iffrti" /ar/^p S af o P/ol ISO 
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The lichen symbiosis is the most iii'irked example of mutuil 
symbiosis we know Amon^'st the partnerships of Algae with 
animals ever) form exists from mutual symbiosis to true 
parasitism or to tjpical epiphytism The last condition is how 
e\er, more frequently met with amongst Algae or Lichens 
epiphytic on other chlorophy lions plants The plienoinenon 
of shelter-parasitiam ’ is also a frequent one the Algae 
inhabiting cavities already present in the host, or "domatia 
— places of abode formed with the assistance of the Algae 
The full discussion of these and other symbiotic relationships 
may be had by reference to the works dealing with subject, 
some of the more important of these are given 
De Bir), Die Eiseheinnug tier St/mlnotc, 1870 
O Hertwig, Die Sgmbiose tm TVierreieA, 1883 

Klebs, ‘Symbiose migleiclnrti^er Orgamsmeii ’ Centralblatt, 

188’ 

Klebs ‘Beitiige zur Ivennimss iii^dtier AlgeiifornieJi Dotan /eitunS 
1081 

Qeza £ntz, ‘ Dis Konsortiihcili'iUtii^'t %on Algen unci Tliiereii' 
Centralblalt, 1882 

Brandt ‘ I)ie moi j bologiscbt tmd plijsiologiscbe Bedentiuig d®'* Cbloro* 
pli\ll8 bei Tlnerpii 1/itf/ieil <1 /ootog Station 2leapcl^ 1883 

Van Beiieden, ininial partutes and Memnates (English Edition}, 
Iritwiatioiial Scientific Series 


Only these algae which are parasitic on the higher plants 
come strictly speikmg withm the limits of the present t'ork, 
wo shall howexer also take into cou‘=ideration the interesting 
sxmbiotic adaptations prescuteil by several algae which h'® 
endophytic, but not truly parasitic in liigher plants^ 

Iheie IS a distinct lescmblance between the parasitism o 
algae and that of parasitic fungi Some parasitic algae h'® 
111 the intercellular spaces of tlicir host others inside the 
hosts cells and niaiij of them inhabit algae and other aquatic 
plants A large number of algae live as cmloplijtts, many 
of lh( III m cavities ocemnng naturally in othei jdants, 3»c ‘ 
vve c.in liardly regard ns paiasitcs, nor those whicJi cause the 
foriintion of ‘ domain on tlicir hosts since those structures 
arc an mdication of a symbiotic ivther than of a parasitic 


'Altimnii inotnn 
]k>rii)iitic < n / <r I nr 
al« Con^itrcl iiiljo 


/fitui / IS[H I 207 ) d^ncribes a miinl 
M cl Ills 1 II lo(] }ti Alc,cn I! ohj 
•I/I / /o/A tan I tfr Isn with coinj 


ftrine 

'Inti ISJl • 
l^liogrophi 
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relationship Tlit nnnncr m A\}iich tjpical cliloroph}lloun iilnntk 
gradually become phcUer-pimsitcs, nnd pass from this into tlic 
condition of true parasites, is well tlemonstrated ninongst the 
algae Feu of the parasitic nlgac can be aaid to affect tlitii 
host injunouslj b} causing death of its tissues, Phyllimphon is 
the most marked case of this kind 

A THE CVANOPHYCEAE 

These, the blue green algae, possess a homogenouH bluish 
green plasma, with n colouring matter consisting of phjcocjan 
and chloroph}!! Multiplication takes place onl) bj cell 
diaieion, sexual reproduction does not occur Jfan) of the 
forms are adapted to a sjmbiotic life, jet uuboiit prejudice to 
their abilitj to li\e as independent organisms Numerous 
species form lichens Tliej arc in inanj ca^es cap iblc of long 
resistance to drought 

The Cjanophjceac are common b<ith as eiulophjtes and 
epiphjtes on otiier algae and on higher plants Amongst them 
will be found examples of purelj sliclter parasitism, of true 
paraeiti'mi and all intermcihatc stages, jet no eases arc known 
of real injurj or dcatfi to host jdants re-sultirig from members 
of this group Amongst forms cndophjtic in I'lianciogarns rnaj 
be noticed NohIoc gvnufrar in Angiosperms, and Annlneva 
cyaxdearum in Gjmnosperms m I'tendophjla onlj Anabofnn 
azolinc is knoavn, and in I’rjophjta, I^oMor lirhnmd*M In oerj 
case the Nodoc penetrates as a slieller-f arasite into fissures or 
casnties alreadj existing m the host, and becomes as a rub 
entangled in a elime occiipjing the easitj Tlie Kosior m 
Gunnera becomes para-sitic at a later stage and makes its uaj 
into the casitj of cells The other sfiocies are neser endophjtu 
in the ho«t cells, though thej niaj allect the cells purroundirig 
a canty and etimulate them to further growth, appatenih 
however, without anj injonous effect on the host-plant 

Nostoc punctifonne (Kutz) T Hanot ^ {Snjtf/n^mo) 

gvnnerae Peinke)* This occurs m vanous pi^ctc-s of Ovnnrra 
natnes of "^onth Afnca, New Zealand and Vjuth Amenca or 
coltnated frequentlj jn Furope Tiie occurrence of the Kodcr 
IS in every ca'e the same, its presence being indicated to lh< 

* Hanot, Comj/ rtnd ciV IS92. 

*yeinke VorfhUo^t'h* Affan/Uufj'n Leipn** 1673 
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naked eye by Uluish green spots on sections of stems and 
rhi/omos of the host (1 319) 


riicse orininnte as follows the 
species of Gunnaa possess cliinc 
tcnstic nuicilage secreting organs m 
the form of fissures of the leaf tip 
collnters on the leaves and glands 
on the steins Mi-rker* found that 
these glands originated cndo^enousl) 
in the growing point between each 
tail of leaves The mature glands 
are covered onl} b} tlie epidermis 
and when activity commences the 
uppermost cells of the gland tip 

, aftei swelling become detached and 
II 319 — So o< j. n««m« ® 

stem of f**’® * •'0>''®Ttcd lllto slimC (lip 

\o®iveo nnic*"‘*('v*T bo*^ f Ultimately the epidermis is rupture 1 

^ bj the pressure of tho shine and 
tho lomaining glaiiduhr cells are in turn ripidl> tnnsforraed 
into tho same substance 




Th( c finds its wnj into the gland ns soon ns the 

ciulLrims IS Iroken apparent^ attracted there \} some 
s ciction Mcrl er found that the ^os(flC fdnments pass down 
'1 rktr ( rm ? neropfjlla loaug ml I) ssertat on ISSS 
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the slime cainl into the gliml itself, nnd tlitrc occup} the 
sjnee left bj the glnnduhr cells on their comersion into slime 
Thence the filuncnls find thur wi} into the intcrcellulnr sjnccs 
of the stiTcli cont'nning p'lrcnchjm'i surrounding the gHiid ind 
1 ecome clo«el} “ipplicd to the cell nnll's The No%(oc then bores 
through or dissohes the cell will absorbs the starch, nnd glows 
Mgorousl) till it fills the whole cell In this manner the 
Nodoc spreads through the cortical parcnchj ma of the Gunnn-a 
stem from, cell to cell The stem glands in course of time 
become inactne and the cmal clones up so tint the Nodoc is 




Fio 3 l—AMba naeytndantm A C nlliketurf M roots of Cy<a« B Tmns 
Terse &s4 long tu4inal sections of A the douUe line indwates the distribution 
Qt lli« \o-f« (T Tubeul del ) 

completelj shut in In this condition it is absolutely de 
pendent on nounsliment denied from the host cells and seems 
to thnre on it No outward symptoms of disease can be 
obser\ed on Ginincra with enclosed ^odoc the local destruction 
of the cell contents the loss of starch ind the filling up of 
the tissues with filaments of iVosfoc haring apparently no 
TVit tA G-wvw«t7ft n -^ery lAiurt stern wrfn 

a growing point hardly raised abo\e the lerel of the soil so 
that the Ibostoc easily finds its way there. No algae ha\e 
been found in the petiole and lamina of the gigantic lea^es 
Gunnera may easily be cultnated although it contains no 
Nodoc 

Jonsson’ regards Nostoe gunnerat as identical with N punch 
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nit’ t'AIIIOdI Nlo AKiAl 


Jotmt (dll' iiiiIk’i tidiHL*), lio hIhi» Ik'Iiom’h timt il uxnts im 

iliimj) udil 1111(1 iiult'iiomK'iill) of (,'tniiirm 

Aimbiionii oyoadonrum (Ui'tiikf) ‘ [Nogtoc commune 
TIk' liiilowhijj iiuoniit of tliii hikiki n tnkiii 
liotii J)o Uni).’' Si'oillinjjH of 0}ca<l(?no lm\L* a dikk liili ront 
Nsliidi luiuitlioH in tho mill, iiom tito piovntiiil otid (>l du' 
ptiiimi) mot It low piiliK of lool-lmmclii"* t,'ro\\ up ptrpi-ii* 
(lii’ultid) , iuhI, iilti'i foilvinjt OHIO ot tuitt’, tlioii t’luk fl'U’ll to 
loim IuIk’K'Ii'm (1 jk* JliJl) Siniilitt cluiiip'i ol fotki'd 



iinm’ lulu on otlii'i limmlu*-* wliuh iiini' lioui lliu tap-mot. 
mul Hpiunl o\yj tho auiliui* ol iho jrtmiml 

U n into tlK"ii' toiKul twigH timt Iho jVo-^k nmki'H it’’ 
mill I mi’ll “I llio lolh»unig olmniotoiiatio iilliialnm m tliou* 
Btiuilmo i\ lain 1 ol paunthMiiii, wlutli in noinml loot’’ diHi 
not lUUoi Ihdu llio Biiiioiiniling ioni|Hn.t poUgonal tiisno, 
in attmkiil mot'i it ih llniio irono lontnl Uio ii\llo Mi'-oiilm' hiiiidl'’ 
’Iho rono lonMNlN ol pmvm h} timtous t.olls niiioli oloiigiitid in “iio 
dmalon. mnl with thin inln'ipiits hllod N\ith nin»'’i ^ of ak’d 
lilmmiitH |1 ip In uoNt BoilmuH oralimkul motw tho iVo'/o 

MMi.Un ls;j> »nl |S7l 

•*» tnirllrt, /WMiirtf fft ,tu^ |*.HJ ji 

M' lUlt. {>,f I t ' kftHun t lift Nvi«f,«r, jh;|) |. II 
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roue ceutrnllr fo’ui' a circle ii lo*'jX vein'll '•\t on tho c’rh’'vk''r 
of Muo-pieeu al^^e dot^ ncv* exlond qmJe cp to tho 
po^t. According to KeinVo, tl e nlrt pi.'uctn*<> uito the 
cewlr-fomoii latorcelltiUr -ittcis of the dorolop ptnMc > 
cartel, aud reuinin' coufned to the ro*'e vfh-i.h it 1 
exated to incieii^ cromK It no* certniii whither the 
A’cKfo* peue’ntO' oalr mto ininxxl pl-ieov or into nnturil 
fi-sTores^ 

The hrancboil aenol mn^^e^ of tuberx-lo^ on (Nn id nxi*'- nro 
produK\1 independentlj of the Aon.v,* hut tlicir function i^ 
unknown l»erond a ^u.ijre'lioa ihn the' ire orsriiis of jv'pin- 
tion. They certoinlv n?cei\e no injury from inx-n-ioii by the 
A’e^ •* Since the A'od.e h\e^ completoh cut oft fn>m the outir 
wo’-ld md freipiently lu «uhterrineni roots mii-l is'’mue 
that It receives noari-hmoiit frv*m t!ie !iO't 

Keinke found .-furWun in root' of Tims Crn»/o*-T; im >, 
and -£‘«<vj»^<jMrfON 

Kemke ha^ al'O found \en tme foiled nn*ccln lu tlu n>ot'* 
of Cjeads &.hueuler ob'crioil intricilluhr Kictirn in nnit 
tubercle' free from A'vs.*« 

Anabaena aroUae Sirub* Tin-' cndoph\to i'> m.\*cr aWont 
from AziiJla, neither A mnVimimu so much mUintoil m hot- 
hoises nor the wild ^jiccie' found in Ammii, Afnn A-n 
and New Holland. Tlic al^il filauiiiit'- mo pri'^iiit c\in in 
the iieighbourliood of tlie loqctaliie jkuuI and in tho iKvixl 
indu«ia of the «5iK)riii2ia. Thca are, howoioi most ubmuhnt 
in the caiitie-' formeil in the epidcnni'* of tho tliAu ftiviim» 
leaie«* The tiliniiiits do not entir the tuna In 

the opcimic found lu the coiuplcteil 'structmx', hut hnd tluir 
way in during the formation of the caaiU, lud probabh inthumi 
Its deielopment As the cuita becomes tilled with 
«ome cells of its inner walls grow out ns «5cginentcd bmucluMl 
filaments nmong''t the coils of thi alga, probabh in concoipuiui 
of a stimulus everted bj the -ImoMcmo 

No endophytic Scluzophjciae arc knoiMi in the tnu uiO'hv 

*Moebiu» (fof f»f ) th»t ttve roots of C>iiU at tlio IUIiok Oanlfw 

Heidelberg ae\ er contsm -timfwno 

‘Strasburger, Utl-<r A^h Jens IS7a, alto Pmctical liotai y t liH n 

bj Hitlhouse 1SS9) 

*The losies of -1 ot!a arc dmteil into t«o jvirU, the upj er llo'«hj t no of 
which tloatl on the water, the mider meinl niious one Iwing eul nirrgoii 
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but several inhabit Ilepaticae, chiefl} ‘ipecies of Anthocaos Blasia 
Pclha, Ancura, Piplolaena, Sauteria, and Jiiccia, 

Nostoc lichenoides Vauch' is a common endophjte in tlie 
mucilage cavities of Anthoccros laciis The motile algal filameBts 
gam admission through the stomata or mucilage fissures on t e 
lower side of the thallus Onlj one filament is admitted into 
each cavitj, then the opening is closed bj an increased turgescence 
and growth of the guard cells , the imprisoned Kostoc raultip les 
to form a colon} 

I eitgeb states that after infection has successful!} taken p 
and frequently before the stoma has quite closed, the guar 



Fi<3 3«J ~Anabantn a cllat Loggit idiual section tl rougB tho 
ol a floating Icnl of ^ ella ea of a a»<u Thecaritj is filled with ^o»^oe 


a floating Ic 
nnd scjitate hairs 
1 V septate I air and a filament of Anntwi 


cells divide and ultimatel} form a three layered covering o 
cells over the intercellular space Simultaneous!} all the thallus 
cells round the infected cavitj undergo radial division and gro" 
into the cavit} , first os papillae, then as much branched unt 
septate tubes of various lengths, the space left between them 
becomes meanvvlule filled with tlie J'lO'^foc In the case o 
Authorcro'i laevis the tubes form a kind of pseudoparench}ma 


•Bibliography Jancze>»sbi llotan Ztitxu'i 1872, an 1 u 

t'lfiir.'.er 'i XM ilille Bo>an Zeitung 18>1 Leitceb Alndfmi' a 
arfi i/frn in II ten 1878 also Untenudui jtn ii>tr Lei ermoose, i Goebel 
'luicmecn m Schenks llanUwehtl RotauL, 18S2 
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with mtcrs\nce‘i filled with AWoc If other algie, eg Oicdlana, 
enter the caiitics, the opening is neither closed nor do the walls 
grow out as procc‘5«c‘* Infection bj Kodoc onl} occurs when 
the mucihge-caMtics lie near the apc\ of the thillus and arc 
secreting muciligc, the substance which cvidentl) stimulates the 
Kosfoc to enter 

Leitgcb found mauj AntUocerotcac (2? mlmcro'i, Xi'iolyln^, 
AntJioccro),) with inucilage-caMties cent lining Xostoc, not sunk 
in the thallus as with Anthoccro^ lacits but forming wart} pro 
jections aboie it In the ca^e of Dendioctios these occurred on 
the upper side of the thallus as well as on the lower The 
openings of the cavities of Xotolhylas do not close after infection, 
hut distnictlj open wider 

Janczewski observed tint chloroph} lions cells of Hepaticae, 
though at first uninfiuenccil b} the intruding alga, afterwards 
lose their chloroph} 11 and plasma, hence he assumed that the 
imprisoned iVosfoc begins in time to h\c a parasitic life, and to 
kill the host cells This, however, is not supported b} other 
authorities Goebel on the olhei hand, believes that the Xodoc 
like the mucilage amongst which it grows, is useful to the 
thallus, and that it ultimatel} complctel} replaces the mucilage 
Prantl held that tlie alga assimilated free nitrogen, giving 
up the product to the hairs m the cavit} , but this is ex- 
tremel} unlikcl}, especiall} when the jVosfoc is completol} enclosed 
in its host 

Xoitoc hchcnoxdcs is also ver} frequent m the Icaf-auricles on 
the under side of the thallus of Blasia pusiUa The auricles 
contain mucilage, which probabl} induces the Xodoc to enter As 
a result of the Xostoc invasion the auricle enlarges and continues 
to live, whereas wntbout this it would soon have died off 
Branched filamentous processes are produced from the inner wall 
of the auricle and grow amongst the iVostoc^ 

D THE TRUE ALGAE, 

In these Algae the green chloroph}!! is limited to certain 
portions of the plasma, the chromatophores The true Algae 
are capable of sexual reproduction They are all more or less 
adapted to an aquatic life Man} of them live m s}mbiosis, 
some are true parasites. 

• W al Iner, ALad d ITitnnieha/ien tii 11 ten, 1878 
« 
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Tlic true Algae inaj be grouped as follows (1) Conjugalaf , 
(2) Chlo} ophyccac , (d) Jihodophyccac ^ (4) JPhacophjccac , (5) 
Chaiaccac 

Of these the Chmaccue includes ijo eiulophjles, the Co)i}vgn^ac, 
Phacophyccac, and lihodigihi/ccac onl^ specie'? endophytic ni other 
algae or in anininls The Chhiophyccac, liowcvcr, include ft 
Iftige number of species which h\c as “nerml algae’ endophytic 
HI I’lianerogams eithei as shelter parasites oi as true parasites 


I CHLOROPHYCEAE 

Ihcse arc divided into three groups * 

1 Vrotoeoccoideao mchuhng the families Vohoctfccac, Tthn 
‘ipoinccdc Cidoiosphnn/tccae, l^laoococcnccar, Pratococcaecctc {Eniio^ 
phannccac^ Chmacicac Scmlmcc^fc) and Ibjilrcihctyaccac 

2 Confcrvoidcac including the fniiuhes Ulximac, Ulothuchictt^’^ 
Chactopho) accac 2rijconIc(tccae, Cijhnihocopsciccoc, Oc^ogoxnaCKtc, 
Colcochaitaccne, Clndophoiaccac, Gomoiiftaccnc, and Sp^t(tcrophttC(a<! 

3 Sipliotieao including tJic families Pflftgdiaccac Phyllo 
\^l>ho^mc^nc^ Da hcst(tcf:(i<’ Vatichcnarcafy Jinjopsidaccnv CiudeT 
piaccnr Co(h(tcrar, Vohmticcne and Daspchxthccoi 

Ohlorosphaeraceae 

Ohlorosphaera endophyta Kkhs This is found between 
the living cpuleiinal cells of Lrmnn viiitor, and produces there 
spherical cell innsses visible to the nahecl eye as warthhe 
swclhnc^ According to ] rank this is related to Diuhcloinvxn 
2)iihj}nox phiim Jiauk 

Entophysa charae Mol> llus lives under ibe cuticle of 
the epidermal coll wall of Cham Htanmannt in Ernyil 

Endosphaeraceae 

Mo'>i of the s| ecu scan jwiittntt mto living organs but the) 
uiay nko hvt ns s iprojdij tes or vegetate as irnkpLiident orgm 
isiu'? ‘lint all the J'mfo phttnaccae arc injurious to their host 
In'? not ns yet botn pnmd 

Chl< n>(hy(nu)n includes eight 3 uroj>em species all eudophvlic 
m living jilaiits 

’lit arraiiR ii ri t «i«< I I > VV tile tn /» ittr Pmnit » nh r Pjfnn /*' ' 
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Chlorochytrium Icmnae Cohn.* The 7}j'07ix)spore‘i lia\(> 
four cilia nnil s^^nrln foi ft «hort time iti water. On jOants ol 
Lannn trisulcn, the cihnlctl cm! Ijocomex apjihcd to the ejadenniH 
at the place where two ccIIh nre in contact, the 7oo«ij>0Te heuinicH 
spherical, forms a membrane, ami conies to rest (Pig !>2t; It 
remains resting for a day or two, nnd nHsimilatcs so that a 
starch-grain is formed inside it Nc\t, a tmnsparent process is 
gnen olfwlnch finds its Wfty between the epidermal tolls, widens 
out, ami absorbs tbo ccU-contcnls, white the jiortiou of Ibo algal 




cell remaining outside becomes liUtd with rtlliilosc and forms a 
firm button-likc process The }oung alga continues to riinko 
Its way between the cells into the intcicellular sjuccs of the 
subepiderinal layers of parcncliyiii.i, prtftrahly talcing up its 
quarters in the thin anterior niai^'in of tlie tiialloid sliooi, 
and a\oiding ihc larger nir-spacis The /oosjioris arc foriiml 
by repeated division of the plnsmii of tlie original ctll , tiny 
are enclosed in a gelatinous mass which swells and rii{»lurcs 
the membranes of the alga as well a“ the tissue of the Lnnnn 
^ Cohn, li'ttra'jt tyir Itiolo-jif d ntnt Organumfn , IS'itnn /'i/hk /, IHSJ 
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THF PATHOGM,IC ALCAi 


Tijc zoospores (gametes) copulate in the gelatinous mass ^^hlch 
escapes and brealv out from ifc as free swarming z^gozoospores 
"When the Zcinmi falls to the bottom m autumn or when it 
dries up the cells of the alga become resting cells capable 
sustaining drought Plants of lejnna seem to be little 

disturbed bj attacks of the endoplij te and develop tbeu 
flowers normallj 

Ohl Knyanum Kirchn ireq^uents Zcmm minor and Z 
CaalopkyUvm dcmasitin hlodca canadensis but not Xemna 
tiisii/ca It forms zoospores onl^ nnd these on pen'^tratmg 
into a host do not produce a cellulose button lihe the species 
]ust described Thej appear to be able to enter the host oulj 
ba the stomata 

Ohl pallidum Ivlebs Grows in the intercellular spaces ot 
Lcmna it tsulca 

Chi vinde Schroet Found lu the respiratory caaity of 
Zimcx ohlusifulit ? 

Other species iccur in dead PhaneroGoms or in Algae 



MeV?’ pnrHou,,^ 


Stojaatochytnnm hmnati 
themujn Gimningh Inhabits 
the respiratory caMty of leaaes 
of T imnarUhcmuiti vuhevin lo 
India 

Chlorocystis Oohnii Peinlt 
(-Occurs as i shelter parasite 
ni marine alg'ie 

Scotinosphaera paradoxa 
Klebs Found betu een the 


cells of dying lonies of Syjnntni and Zemnn tiucila 

Undosphaora bionnis Klcbs The zygozoospores have four 
cdu And sinrni m water till ther reach a Inmg leaf of 
retain /hcchs They gcncrallj come to rest ou the under 
side of a leaf at the l^undary wall between two cells and 
become invested m a mtmbrano A process it next sent m 
bctwcin the epidermal cells anl all the cell contents pass over 
into It tfiG outer portion dying away Tlie young alga now 
mai^ca us way into the intercellular spaces of tlic sub opidcnufll 
tissue ami becomes a resting spore In spring this spore 
gives of! bicihate gametes which after copulating hcconio 
ry^ J/"ospores This shelter pansitc has not yet lein ol served 
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:i5i 

to li'wo an nijunou'; cfiect on its lio«t, bo^oiul killing a ftu 
Isolated lel^cs 

End. rubra Sclirocl occurs m Icaics of Mcnthn aquatxco and 
Ptpln Portula 

Phyllobium dimorphum Klebs round in loa\cs of Lyfi- 
mnchta J^ummiihirio, Ajvgn rtptaiH, Chloxv. vioUnn, Erylhiacn 
Caitaxirium Tins endophyte maj cither penetrate into liMiig 
leaies and there go through its life-ln^tor^ , or it maj do so 
m dead lca\cs Tlie zjgozoosporcs Inae onl} two ciln, and 
enter the lca\es eliien) through the stomata of the lower 
surface Inside the leif they form long filaments, which make 
their vray between the elements into the \ascnlar bundles of 
the Icaf-ribs, and follow the cour«e of the spiral ae^scU 
Itesting spores arc formed, and 
gia e the a eins of the leaf a 
rosary -like appearance Sfalc 
and female gametes ate pro- 
duced from the resting cells, and 
copulate to form zj gozoospores 
The host-plants arc not injured 
hy this endoph) te 

Cbaetopboraceae 

Most of the species are aquatic 
ilgae which liie independent or 
as epiphjtes 

Endoclonium polymorphum 

Frank (see Chloro‘iphacxa cnilo- 
phjta Klebs) This form li\es 
endophytic and sometimes intm- 
cellular m living or dead leaies • 
of Lcmna 

Entodenna Wittrockii 'Wille 
occurs inside the wall of Eetocarpus (Fig 327) 

Penplegmatium and PhaeophUa Ine endophytic in Ining 
algae 

Trentepohlia endophytica (Remsch) In hung cells and 
intercellular spaces of Jimgennanniaceao feg Fmllanxa dihtata) 
and kills them 




TIIK PATHOGENIC ALGAF 
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Mycoidaceae. 

Cephaleuros Mycoidea. Karsten* (J/i/eoidia jiarasithr, 
Canning.).^ This alga is epiphytic on the leaves of most tree'’ 
and shrubs in the tropics It varies considerably in its appear- 



Flo 3JS iJi’Mi'o*.''/ '«i Ira Section IhJwigh the cpldcmii* of n If »f of CSjeKff'i’i 

(bowing tbc thilliM like disc with Mustorin (After Liinnlng'bAni } 


once, but generally forms llattcnod thalloid discs se\eral lay^® 
of cells thick and attached firmly to Ien^es by means of rldzoitls 
(Fig. i}28) Hairs are produced from the thalhis-discs, especinU) 



the older ones ; in addition, ‘iitorangml structures nie also (lc\ eloped 
and gi\c off biciliatc su arm-sjwrcs, Tiie discs form a kind of 
cuticle which becoiiics completely fused with that of the lea\e' 

• K»rst<n, Jniml tlujnnhn. Matt iU tiatUtfOrij, Vol ^ , 1S0|, 

Tronr. p/ I^tnnra* Nor. of Loixlm, 1S''0; H. M. W*ril ("ff"’}- 

ISSI 
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here tins occurs bhck p-itches arc frcquetitlj forinecl tint 
the lea^cs become spotted but the mjur} to tbc host plant is b) 
no means so sc\ere as m the follovsing species 

Ceph, parasiticus Karsten Tins species is common on the 
lea\es of Calalica and Pnndanm at llmtenzorg It spreads 
through the whole leaf tissue blackening and killing it The 
epidermis is blistered and its cells filled with the alga ultimatelj 
the cuticle is ruptured and the stalked sporangia are pro 
duced The swarm spores genmnate m the stomntal caMt) 
or in the adjacent intercellular spaces 

Ceph- minimus Karsten is parasitic on lea\es of Ziyiihxs 
Jujiha at Ibutenzorg It permeates the leaf parench}ma and 
kills It the cells after death becoming completelj occupied 
b) the alga. 


Phyllosiphonaceae 

Phyllosiphon ansari Kulm^ This is a true parasite as jet 
observed onlj on xilgarc in Itah and the South of 

France It causes deatli of the leaves and is frequentlj verj 
abundant 

The thallus consists of unicellular non septate much branched 
filaments containing chlorophjll and filling up the intercellular 
spaces of the spongj parenchyma of the host Tlie wall of 
the filaments gives the reactions for cellulose and consists of an 
outer and a later formed inner lajer the latter capable of swelling 
verj much to assist in ejaculating the spores The chlorophjll 
corpuscles at first contain no starch only oil which however 
decreases during spore fonnation v^hlle the starch increases 
The spores (aplanospores) are formed inside the algal threads 
and are ejected with great force from the extremities of filaments 
which lie under stomata and therefore in the position where least 
resist ince is ofTered to the swelling inner wall Clilorophyll is 
1 ot present m the j oung filaments but it appears in the oldei 
parts especiallj about the time of spore fonnation and seems 
to be stored in the spores The spores have a nucleus and 
chlorophjll disc Thej genmnate to n filament which grows 
between two epidermal cells into the intercellular spaces of the 
leaf 

•Kuhn 1- ne neue paras t sche Alge St g Ur d i a(ur/or»ck Gts 
Halle 1S“8 Just Dotan Zt Ivhq IBS'* Schmitr {idtm) 
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THE PATIIOGEMC ALGAE 


IHits of the leaf-iad petiole inlnbitecl by this alt,! ipp^ir 
externally as yellow spots Only one indiMdual alga mbabits 
each spot sending its numerous bi inches into the intcrce u ar 
spaces Attached leaf celh lose their chlorophyll and starch 
the latter being at fiist replaced by oil The cells however 
lemam nine and tuigescent even when deprived of a ni(^ 
their wliole content , they die, when spores are produced m e 
filaments Cells undisturbed by the alga remain unaffeete i 



autumn 

Phytaphysa Treubii Weber ct v liosse Ioiiii‘» characteristic 
^ills on a species ol Pi!ca in Taaa 

2 PHAEOPHVCEAE 

lhes< nl^ac h\e only in other hung algae and are not on 
dophytic m lumber plants 



IHAIOPinCFVK 
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Streblonemopsis imtans Vnl forms wart-liVt gnlh on 
Ci/stosiia opuutiotdc^ 

Entonema gro^^s bct\\cen and into tlic cells of lihodophycrac 
and ^fclanophyctac 


3 RHODOPHYCEAE. 

The Bhodopliyteac or Horxdcae occur enilophjtic onl} in other 
algae, eg Harveyella mirabilis (Reinscli) segotates in thalli of 
Hhodomchac and Pohj-^iphoncae, but reproduces it'ielf outside 
its host Species of Choitorolor and other genera ha%e a similar 
mode of life 



I INDEX OF PARASITES 


A 

abietina, Fhoma, 
abietiDum Aecidiiun, 


463 
377 1 

aegopodii, Caeoma, 

,, Puccima 

aegra Puccuua, 

419 

310 

,, Fusicoccuin 


4C5 1 

aesculi, Aecidium, 

410 

ahietia Ceaajigium, 


2^1 

„ Septoria, 

478 

, Chrysomyxa 


170 

,, Tapbnnft, 

147, 151 l‘>3 

4aS 

5 4oa 
Sol 
000 

3*0 

420 

,, Z<ophodenniam 


240 

afliDis, Thecapbora, 

abietis pectioatae, Caeoma 
abrodeos, Myatrosponum 


418 

316 

\garicineae, 

Agancus 

abundans Aecidium, 
acaciae, Aecidium, 


41) 

410 

aggregate Scierodema, 
Aglaospora, 

aecricola, Phylloaticta 
,, Taphnua, 

15), 

463 
. 154 

agnmoQiae Slelampsora, 

„ Uredo, 

acerina, Cercu^pora 
,, Derma'ea 
, Melasmta 

511 
a>i 
242 4S0 

agropyn Puccmia 
„ Urooyatis, 

agrostidis Pucciuia 

349 

316 

349 

, Tapbrma, 

147, 151 

133 

1 albescens, Uidymospbaena 

218 

acennum, Leptothyrium 
,, Khytisma 


479 

1 ,, Puccima 

1 albida Clir^somyxa, 

341 

3S0 

acena Oidium 


499 

1 albidum, Phragmidium, 

361 

,, Phleospora 


478 

^ albomaculita Pamularia 

502 

Uncmula 


177 

Albugo (see Cyatopus), 

123 

acctosae^ De^.izea 
, Pnccuiia 


41U 

355 

eMw.Vt'a'VA, V'UWA'fi. 
album Idastigosporiiim 

361 

504 

,, Uromyces 


331 

, Microatroma, 

497 

actaeae, Aecidium 


400 

olbus Polyporus 

452 

Actmonema 


474 

alchemiUae Coleroa, 

19o 

Bcutatui Uromyces 


337 

,, Uromyces, 

137 

aliposus Agaricus 

5 

460 1 

Algae, 

539 547 

adoxae Piiccinia, 


3^0 i 

aliamatis Doassanaii, 

321 

, Uatilago, 


S99 

,, Paeudopcziza 

2j3 

aduata, Sderotinia 


262 

alliitum ^ccnium. 

349 

mliiatum Collctotricbum, 


4S7 

allu, Caeoma 

167 

necilioilci ^fclampsora 


367 , 

„ Puccima, 

155 

Aeti hum form* 


401 1 

, IlhlznctoniA, 

202 
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allionim, Caeoma, 

410 

,, Macrosponuin, 

5IS 

alneutn, Leptothynum, • 

479 

aim, Frankia, 

101 

,, Microsphaera, 

170 

,, Sclerotima, 

202 

Stigmatea, 

211 

aim glntiDOsae, Taphnna, 150,152,157 ' 

aim incanae, Taplinna, 147, 150, 152, 157 

alaicola Oialana, 

50) 

alpestre, Bostnehonema, 

50) 

alptna, Puccmia, 

359 

„ Taphnna, 147, 149, 153, ICl 

alpinom, Syncbytrinni, 

112 

alpmus, Uromyces, 

337 

alsinearum, Peronospora, 

134 

alta, Peronospora, • 

134 

Altemaria, 517 

, 513 

althaeae, Colletotnchuni, 

437 

althaeina, Cereospora, 

5IS 

,, Phyllosticta, 

464 

Alreolana, 

403 

afflbjguus, Uromyces, 

337 

amentorum, Esoascus, 

157 

atnpelmum, CoUetotricbum, 

4$S 

,, Fhoma, 

467 

,, Sphaceloma, 12,407 

atnpclophagum, Gloeosponum, 

484 

ampliigenum, Rbytisnia, 

246 

amygdalearum, Clastcrosponum, 

511 

amygdahnum, Gloeosponum, 

4S3 

aaiylororojis, \U<tococcxi$, 

531 

Anabaena, 

344 

aoceps, ILeptosphaena, 

221 

anchusac, Accidiom, 

347 

Andersoni, Puccmia, 

339 

andromedae, Coleroa, 

195 

,, Exobastdium, 

426 

,, Khytisma 

246 

,, Stigmatea 

211 

aodropogonis aonulati, Ustilago, 

292 

,, tuberculati, Ustilago, 

292 

anemones, beptona. 

478 

„ Sjncliytnuni, 

112 

,, Urocjstis, 

316 

anemones virgmianae, Puccmia 

360 

angulata, Cereospora, 

515 

angustata, Puicima, 

334 

Anixia, 

17s 


annoflus, I'ol^ponis, 4^ 

annularis, Puccima, .'IGl 

anomala, Ustihgo, 203 

anomatttm, Synclijtrium, 112 

Antcnnarn, 181 

Anthostoina, 220 

Anthostomclla, 220 

anthovanthi, Puccioia, .‘)>4 

anttiflhdis, Uromjccs, ‘’*17 

apii, Cercospora, OU 

•, rh>llostictn, 404 

Apioaponum, ISl 

apoc>ni, Aectdiutn, 411 

„ Septogloeum, 406 

app«ndiculatus Uromyces, 334 

aqnil^gi^e, Aeciclmm, 340, 400 

arborcsc«ns, Pcronospora, 133 

arctica, Melampsora, SOS 

Tilletia, 310 

arctostaphyli Fxobasidium, 427 

arenaim, Peronoapors, 134 

,, Pnccmift, 361 

arenanicola, Puccinia, 3J1 

areola, Pamuhru 002 

argentata, Puccinia, 3<>6 

an, Aecidium, 349, 410 

an Italic) Caeonia 410 

ariae, Melampsora, 370 

arutidae cjantliae, Ustilago 294 

anstolochiac Puccmia 341 

I Armillana 4oa 

' artsoraciae Ascochyta, 473 

, Cereospora, 514 

,, Ovulana 500 

, Septona, 477 

aromancum, Septocylindnum 50o 

Arthun Peronospora 134 

arundiuaceum, Helminthosponum, 510 
„ Napicladium, 510 

anindiaelhe, Ustilago 294 

Aaanuro Caeonia, 41S 

asanna, Puccmia, 32, 359 

AachersOQiaaa Scbiczia, 326 

Aacliersomi, hntyloma, 312 

asckpiadcum, Cronartiuin, 331 

Ascoboleac, 253 

Aacobolus, 144 

Aacocbyta, 472 

Ascodesmus, 13S 
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bistortaruni Usttlago, 

wr* 

20s 

Bi\oiiae, Uncinula, 

ITS 

bliti, Cjstopus, 

127 

Bloramj, Cercospora, 

5)4 

Bolleana, Cercospora. 

5)5 

Boltsbansen, Ascochjta, 

471 

borealis, EToa»cu«, 

15S 

„ Polyponis, 

43*» 

Bostrichonema, 

POl 

Botrjtis, 4,267, 4'>0 

boutelooae humilis Ustihgo, 

290 

bracb^sporuni, Lopliodermium, 

233 

Brach} puccmia, 

353 

Brandegei Aecidiom, 

411 

brassieae Altemaria, 

518 

, Asotliyta, 

473 

, Chjtndinm, 

107 

,, Macro'porium 

51$ 

Olpidmtn, 

107 

,, Flasmodiophora 

521 

bn<aicicoIa Spluerella, 

215 

Bren la, 

131 

brcMpea, Uromjces, 

317 

bre^lus, Peridermiam, 

417 

brotnnora, Ustilago 

292 

Branchorstia, 

4S1 

Bruncboratii, Frankn, 

101 

brunnea, KamuUna, 

502 

bulborum, Sclerotioa 

2CC 

bulbosum, Phragmidium, 

3G3 

Bulgaria, 

253 

bullata, Puccima, 

333 

,, Taphrma, 148, 150 

)54, ICS 

„ Ustilago, 

2SS 

bullatuin, Tolyposporiuin, 

306 

buna Aecidium, 

3.W, 409 

,, Puccima 

356 

Bunllia, 

322 

hutomi, Cladochjtrium, 

114 

buxi, Laestadia, 

217 

„ Puccima, 

3G1 

Bjssothecium circmans 

201 

C ^ 


cacaliae, Uromyces 

337 

Caeoma, 

364 418 

calamagrostidis, Tilletia, 

3)0 

caltea, Bamulana, 

■TO 

cal»udulae, Entyloma 

312 


r*nr 

c^lifornica, riismcxliophnra, 52*) 

CalonectriA, 184 

CalospliacTia, SCO 

calospora, Tillctia ^10 

calth-ie, reeiulopcriza 2.Vi 

,, Tuccinia 341 

Caljptosppra, 370 

Cannrosponum, 475 

catnelliac, Corjncum, 401 

. MeltoU, 182 

campimilae, Coleosponum, 377 

, M«r»onii, 491 

„ I'liCLinia, 3.>9 

cancctlata, Ilocstelia, 39G 

camiula Peronospora, 134 

candidus, Cjitopiis, 123 

Camlolleana. Sclerottnia 2CG 

Candollet, rhoma, 4GS 

canesccDS, Entyloma 312 

cannabis Septona, 477 

capensis, Vstilago, 294 

CapnCHlium, 181 

cappanlis, Cercospora >1 j 

catbonariuni rhr3gmidiutn> 303 

capreariim Mclampsora ICS 

car<lui PucoDia, 3 9 

,, Ustilago, 296 

caricicola Puccinia, 355 

caricis, Cintractia, 301 

„ Pueoma, 349 

„ Ustilago 301 

cancinuin, Leptostroina 480 

canes, Tilletia, 306 

carnea, Taphrma, 14S, 149 154 167 
caroeola, Ovulana, oOl 

carncum Jlyxosponum 4SQ 

carpinca Dermatea 253 

carpini, Melampsora 370 

,, Tapbnna 147 150, 153 162 
Carpoasci, 16$ 

carpopbilum, Cladosponum, 510 

carthami, Puccima 355 

caryogenum, Fusicladium, 50$ 

I caryophyllmns, Uromjces 336 

Caaparyana, Schinzia, 326 

cassandrae, Fxobasidium 427 

caatagnei, ilelatspsora, 368 

I „ Podosphaera, 17 1 

„ PucciDia, 3o5 
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ca'ita.gtiet Sp? aerotheca 
castaneae Diplodina 
Septona 

catalpao Macrosporium 
latenuIaturR Entyloma 
catilicola Cercospora 
caulium ArelanotaemuiD 
ceauothi Aecidium 
cecidomoplnlua T3t)hnn3 1 

oe Ici PecKlerminm 
celluUcola Schintia (Naegeha) 
celtidis 1 amulana 
celtis Tiphrina 148 1 

CeaangiUm 

cei chri Toliposponurn 
centaureae Aecid um 
f^lccla^a 

cephaUnthi Aeci lium 
CepJjale«ro8 
Cep) alotheca 
cepulae 'Urocyaiia 
ceraft Euascliuluim 

Tucomia 

Taphrina iO 147 151 I 
cetasina Septona 
ccraatii Aecidiuni 

Melainp4ore)la, 
cerastiorum Tabraea 
Ceratocystis fimbmtt 
Ccratopborum 
co-ea) s Gibellma 
cefelrum Penderr mm 
Cercospora 
Cercosporella 

ccl-cosporo lea Cjlmdrosponum 
Ci-satii Tul urtiata 
cl aetommm Coleroa 
Cl aetoj horacene 
CbarrinlA. 

c) eiruntl i C-ercospora 
clcUloul Caeoma 
cl vi opo In PI yllo'itieta 
Urotnycea 
Cl loroc))) trnmi 
Cl lorocjgtn Cobnu 
C\) TO] I jciae 
Cl lorospl acr » cn 1 ] I j ta 
Cl lor "sj I a mceac 
Cl orcocoja* 


173 chrysaBthemi Oidmm 

474 , Septona ■< § 

478 Chrysochytnum 

518 CbrysODijxs 20 5i 3 7 

313 clirysosplenit Eatyloma 3W 

514 Puccinia 

314 Chtysospora 

411 Chytndtaccac 1' 

152 f’lbona 

417 tfichonaieamm Erjsjpfe ) ^ 

3’6 Cictnobolus CesalJJ ^ ^ 

502 cicutae Puconw 33o 

153 finarae Pamularia 

•>01 cioerariae Aecidium 3^2 

306 cinerca Hotryt s 267 W!) 

3j 1 Monilia 

3 1 cfogeos Melanotaenium 

^•1 ctnguIatuiQ C loeospormn 

OS'* ciDDabarina Nectria 8 l7 71 18^ 

178 ctnnafQomens Polyporus 

87C cinoamonea Dermatea 

507 Cintractia 

cifcaeae Aecidium 

^03 Mclampsora 3“0 

476 Puecimi 3®^ 

no circ naos Coletoa 
? 0 Leptospbaerw 20^ 

\ ermicularia 
too circinata Uoctnnla 

nt circumsciasa Cercospora ^^3 

ciraii Phylfosticta 

fl4 I uccima 340 

ilS citri Capnodiun 

’>03 ifeijola 

iSp Cladocliytnoceae ^3 

122 Cladochytnum 

l0*> Ciadoap riuot 

xli cla losporoides Cercospora 5*^ 

l‘*2 Claateioaponum 6ll 

il5 cla\«ri<icforme Gyn noaporangi im 334 

GO dararieae 4^1 

’6j cla\ftIIoaun Tripliragir i im 3o‘' 

C/avicc{S I'G 

49 cta\i|c« Oymnoaporat s m 40" 

50 cfAytwjtc Ier0no4ioia I"** 

4S cli.niati Ii« Aec li ii i 31^ 

4*4 Cl thfu 24** 

48 Cbccoi II Tolyi *poriuu> 

» ' COwMeariAi* 0^ ularia 
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coernlcscens, Taphrini, 14*!, 1^,0, 151, 167 


coicis, UstiU^o, . S'*! 

colchici, Urocjstis, • 116 

„ Uroroj ces, 

Coleopuccinia, 463 

Coleosporium, 374 

Coleroa, • 16* 

Colletotnchuro, 4% 

Colpoma, 24S 

columnare, Acci hum, 372 400 

comari, Doas^anaia, 324 

commune, Nostoc, 544 ' 

communis, t rjaiphc, 175 

,, Taphnna, 147, 151, 152, 157 
complanatum, Penlcrmium, 415, 4IC 

composifcirum AccjJjum, 409 

conceutriea I’eataloana, 494 

condylonema, Cladosporium, 510 

confluens, Cneoma, 419 

confusa, Taphnna, 147, 151, 152 

confuaum, Gymsoaporan;;iuni, 401 

coogesta, Graphiola, 326 

conglomemta, Puccinia 159 

conglutinata, Pleoapora, 511 

eonicum Gymnosporangium, 391 

Coniotbeeium 517 

Conioth>rutm, 471 

cononiffl, Aceidium (Perulennium). 4IC 
coiiaimilu, Septona, 477 

fontpoiem, Tilleha, 309 

coQ\ulIariac, Aecidium, 410 

,, Dendrophoma 409 

con\ol\ula^.earum, Cjstopua, 127 

conioUuIi, PncciDia, 111 

coralloides, Urocystis, 319 

Cordyceps, 154 

cornicola, Phylloaticta, 464 

,, Septona, 478 

cornu cervi, Taphnna, 29, 147, 149, 153 
Coruuclla, 322 

Comm, Pendetmium 381 415 

comnta, Rocsteha 18j 3J1, 392 

corooata, Puccinia, 346 

coronifera, ruccima, 346 

Corticjum comedens, 4S2 

coruscans, Pendermium 416 

corydahs, Entyloma 312 

,, Pcronoapora 134 

coryli, Gnomoniella 224 


coryli, Mamunn, 

Corjmeum, 

Couturca, 

Crameri, Uatilagn, 
crastophilum, hntjinmn, 
cntaegt, Actinoncma, 

,, Septom, 

„ Taphnna, 147, 150, 133, ICC 


criititns, Uromjces, 117 

craconitn, Rhizoctonia, 202 

Cronartmro, 3S0 

crucnta, Ustilago, 2^2 

Cryptomjces, 24G 

Coptosporium, 489 

Cryptostictis, 475 

Ctenomyces, IIS, 170 

cubensia, I'eronospora, 134 

cncumenmim, Cladoaponum 510 

cucumens, Cladosporium, 510 

„ Hypnoebiis, 42S 

cneurbitacearum Pboma, 400 

Cucurbitana, 208 

Cucurbitaneae 204 

cucarbitula Kectris 18S 

Cunmngliamianum G) miiosporangium403 
cupulatuin, 8>nch}tnum, 111 

cyani, Aecuhum 409 

Cyaaopliyecao, 541 

cycadeanim Anabaena, 544 

cyclaineneae, Colletotnchum, 488 

cycHmims, Septona, 478 

CycIocoDium 12, 506 

cydoniae, llendersonia, 471 

„ Phoma, 468 

Cyiindrosporium, 488 

cynodontis PlijlUchora, 220 

„ Ustilago 294 

I cyooglossi, I’eronospora 134 

cynosbati Crjptoatictis, 475 

cyx'encola, Schinzia, 326 

Cystopus, 28, 123 

haustona, 13 

oogonia 47 

spore germination 47, 00 
cystosiplion, Pythium 117 

cytisi, Piptodia 209 

, Peronospora 151 

I’hyllostieta 463 

Cytospora, 471 


211, 491 
475 
292 
112 
474 
47C 



I iM)j\ ov rinvsiTf . 50*? 


elatinnm Aeeulinm, IS, 72, 401 

elegans, Clado'poruira, *>09 

Eleutheromyccs, 1S4 

clliptica, Peronospora, 13> 

Lllisii, Ascoclij ta, 473 

„ J-iitjlomn, <13 

,, Gj mnosporangium, 402 

eljini I iiccima (Poatrupia), 3.>l 

empetn, Cieoma, • 3S0 

,, Chrjsomjxft, 3S0 

,, Mclasmia, 479 

,, Ithjtuma, 24C 

eudiriae, Puecima, 15> 

Endoclonium polyniorpl>uni, 648, 6ol 
endogenum, Mclaaoticniuin, 314 

EDdomjcca, 141 

Endophjilum, 403 

Endosphaera 530 

Ea lospliaeracene, 543 

Fagelmaaui, Peridcrroium, 417 

Englenatium A«c\d»um, 409 

enorinis, I’uccinu, 339 

Entodcrma 71 ittrockii, ool 

Entomophthoreae, 1 15 

EntomosponuiD, 450 

Entonema 5i>3 

Entnphysa charae, 543 

Entorrhiza, 320 

eatorrhizt, Uttilago 297 

entoapora Basidiophon, 127 

Entjloma, 311 

epbedrae, Pendermium, 417 

Epichloi, 190 

epidermidia, Didymosphacria, 218 

epilobn, Plasmopara, 131 

,, Ratnulana, 602 

,, Septotift, 478 

„ Sphaerotlieca, 174 

epilobu tetragonii, I’uccinia 341 

epiphylla, Taphnna,20 147, 150, 152, 153 
.. Tilletia, 310 

epiphjllum, Cladoaponuni, 510 

epitca, Melampsora, 363 

erectum, Accidium, 349 

7 rcmascus, 13S 

Fremotliccium, 138 

cncae, Hypodenna, 234 

erigeronatum Aecidium, 411 

enobotrjae, Fusicladinm, • 507 


enophori, Puccinn, 
crmbunda, Phoma, 
cr\i, Uromjcca, 

Entyloma, 

Frjaiphe, 

Lry sipbc ic, 

,, haiistorn, 

, remedies 

erjsiplioidcs Oidium, 
erytlironii, Uroidyces, 
crythroslonia, Gnomonia, 
esculcnta Ustilago, 
esculeatam Accidium 
cuonymi, Caeoma, 

,, Microaphiera, 
£u| C2t2< ac 
EupUacidieae 
euphorbiae Aecidiimi, 

, Perono«pora, 
Uromj cel, 


eviphorbiae dwlcis Melampsora 370 

euphorbiae $y )\ aticac, Endophj llnm 403 
enpbrasiae, Coleospennm 370 

Fu puccmia, 340 

Lurotium 178 

e'ccaiatus Uromjees 337 

Fxcipolaceae 482 

exitiosum, Poljdesmus 221, 518 

. Spondesmmm, 221 

Exoasccac 11 41 52, 144 

galls, 2o, 29 

I- xoascus (sec laphnaa), 147, 152 

Fxobasidiaceac, 423 

Exobaaidium 7, 13 423 

.. galls, 21 23 28 

exotica, Septona, 478 

ex( ansa, Vaccinia, 359 

extcQsa, Taphnua, 148 

esteusicola, Puccinia 3ol 

F 

fabae, Uromyces 333 

Fabraea 2<>3 

fagi, Phytoplithora, 117 

fagicola Actinonema 474 

fallaciosa, Pbysalospora, 21S 

fannosa, Melampsora, S6S 

fannosum Oidium, 173 4S9 


Farlowii, Taphrma, 147, 151, la2, 157 


4 CO 
. 333 
312 
173 
7. 170 
9, 10 
G5 
4D9 
33S 

294 
410 
3CS, 419 
176 
2"0 
241 
24 410 
135 
S34 
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INDE5l of parasites 



. i>4eB 

fasciculans Botrytis 

’ 500 

fasciculata Taphrina 148 

140 154 

fasciculatum Fusicladiuni 

50S 

Fenestella 

2 -^ 

Fergussonii Puccima 

3a9 

festucae Puccima 

840 

Urocystis 

315 

ficanac Cylindrosporu in 

489 

Peronospora 

134 

Uromyccs 

337 

fici Uredo 

420 

6 cuutii Ustilago 

299 

filamentosum Peridermium 

41a 

filicina Taphrina 148 

149 154 

Uredinopsis 

141 420 

flipendulae Cylin Irosporium 

4S9 

Tnpbragmium 

36‘> 

Urocystis 

319 

mum Darluca 

474 

fimbriata Ceratocystia 

469 

Cnomoniella 


Mamiai la 

003 

flmbnatum Sphaerooema 

469 

firma Puccima 

3al 

Fischcri Entyloma 

312 

1 cr dermi m 

377 414 

Tillet a 

310 

Ustilago 

"81 

Fistuhna hc^iatica 

4a- 

llacci 1 im Cronartium 

58" 

flaminulae Cladochytrium 

114 

flara Taphrina I4S 

150 154 

Flori Icae 


flosculoruin Ustilago 

294 29a 

foe la Chaetophoma 

ISI 

foclum Capnodium 

181 

fol icola Hen Icrsonia 

4~j 

fomentar is Polyporus 

4 S4 43a 

homes {see Polyiwrus) 


fragariie \scocIjta 

4“1 

Spl acrclla 

214 

fragariastn 1 1 ragmi 1 in 

161 

1 mnkia 

101 

fnaini Aetinonema 

474 

Aeci hum 

410 

ilystcrographium 

212 

''colecotncl um 

SOS 

Scj toglocuf 

400 

• 3cptoria 

4“8 




fruetigena Moml a 
fnictigenum Gloeosponnm 
frustulosum Steream 
fuclformis Isana 
Fuckeliana Sclerotmia 
fulgens Synthytnum 
lahgmoaa ScJereiems 
fulium Clartosponum 
PolystJgma 
Sclerotmm 
lulms Polyporus 
Fuinago 

fnmanae Caeoma 

fumoatts Polyporus 

funerca Pestalozzia 

Fongi classification of 

Pungi iroperfecti 

liisanum 18-1 

fusca PueciDia 

fusco siolacenn Sistotrema 

fuscom Entyloroa 

fo 8 cu« Protomyccs 

Fusicladium 

Pi sicoccum abietinum 

f isifomie riiragrmclium 

Fuaisport itn 

Fusoma 


"Cl 

IS"* 

430 
519 
"67 
100 
"ol 
510 
190 

431 
44 44S 
181 519 

419 
4 ’ 
493 
lOo 
46" 
ISO 5”0 
3o6 
433 
SI" 
141 
50" 
46a 
3( ’ 
o"l 
oO* 


0 

galanti i Sclerotmia 
galanthina Dotryt s 
galeopsilis Frysiphe 

Piyllosticta 
gain Melampsora 
Puccinia 

gang] on formis Peronosporn 
Castcronij cctes 
ge cola Dcpazea 
gcnistac Dulj niosphaeria 
Uromjces 
geoistal s Darluca 
gentianae I ucc nia 
geographicum Asteroma 
gent I Plssmupani 
Puccm a 
Ran ihnn 
Uromj CCS 
4 cntuna 

Cibbcn 


ro 

500 


3 0 
141 
131 
4"" 
4C5 
218 
337 
474 
3U 
4"0 
111 
%9 
r4>'' 
334 
213 
‘\V1 
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'iG5 


PAD* r*fr 

Gibbcrclla, • • gnmilis, Uatihgo, 2^1 

giblwrosa, Puccima, *}IG, 1M Grapliiola, • 325 

Oibelliana, Spliaerella, SIG gnscn, rcronosporn, HI 

GibcIIina, 220 grwcola, Isanopsia, 619 

giganteum, rcntlermiuni, 410 gro«a!anie, Aeculium, 409 

gihao, Aeci hum, • 411 , Micro«plmera, 17C 

,, Puccioia, Tjt „ rhjllosticU, 404 

gilvum, Lophoilermium, 210 Guannonii, Microspliaorn, 17C 

gitbagmis, Magnusiclla, 14S, 151, 154 Guc|Hm, i’citniozzia, 401 

gladioli, Urecjatia 310 gunnerac, Ifostoc, '>41 

ghucum, Peotcillium, 3, ISO guttata, Phylhctima, 178 

glechomatis, Puecmia, 301 Gymnoasci, 137 

globosiim, Gjninoaporangiuin, 403 Gyinnoiscus, 13S 170 


,, SjTicLytnum, 113 Gjmnosjwrangium, 4S, 51 74, 332 3S3 

Glocosporiutn, 4SJ , deform vtion*, 18,43 


glomerulata, Tilletia, 

310 




glomcrulosum, Claatcro^ponum, 

311 

II 



glumarum Piiccinia, 

343 

Ifalateihi, Plasmoparn, 


131 

,, Uredo, 

420 

Harkncssii, rcnJermiiim, 


415 

glycyrrhuae. Uromycea, 

337 

llartigiaDum, Scptoglooum 


495 

OnotnoDia, 

17 223 

Hartigit Mclampaora, 


3GS 

Gnomonieltai 

221 

Pestalouia 

S3 

401 

Ooel&iasa, tlamuUna 

bOC 

1 , PolypoTWB 


417 

Ooeppertiasa, Calyptoapora, 

370 

1 Haneyella mirobilia 


653 

,, Melampaora 

370 

hederxe Septona, 


478 

,, Uatilago, 

293 

be lericola Spliaerella 


215 

gongrogena Diplodia, 

473 

hcdyaari obscuri Uromycea 


338 

,, Peataloazia, 

494 

beliantbi, Aecidium, 


340 

goasypii, Collctotrichum, 

487 

„ Piiccinia, 


340 

,, Uredo, 

420 

IfeheolNxsidittm, 


429 

goaaypma, Cereospora, 

Oil 

hclioscopiae, Melampaora, 


370 

„ Spliaerella, 

214 

hellebori Pamulana 


502 

gracile, Ilelmintboaponum, 

313 

Ilelmintboaponum 

o\2 

5IG 

,, I’liragmidiam, 

3C3 

licloaciadii, Entyloiiia, 


312 

„ Pjthium, 

117 

Hclotieae, 


25G 

grainineum, ilelminthosponum. 

221,512 

Ilelvcllaccac, 


275 

grammicola Aaeochyta, 

4-1 

hclvcticn Piiccinia 


3j3 

„ Scleroapora, 

131 

iremibaaidii, 


275 

graminicolum, bixobasidium, 

427 

Ilcmileia, 

32 

3Gl 

graminis Dilophia, 

223 

IleRupuccinia, 


3j3 

,, Dilophospora, 

479 

Heiideraonix, 


474 

„ Fo*'pl>e. 

175 

licnnebcrgii I’homa 


467 


,, Ophiobolus, 222 Iicpatica Fistulma, . 452 

„ Phyllachora 229 hepatitae Aceidiuin, 409 

,, puccmia, 75 34l herbarum, Cladosponum, 4 509 

,, ‘'colecotnclium, 503 Herpotnehia, Cl, 83, 193 

graminum, ^eptona 477 herpotnchoides, Leptospli icria 220 

,, TjphuU, 431 hcspendcarum, Pleospora, 221 

grammica, Ustilago, 204 Hetcropuecinia, 341 




] IMUN. 01 I IHASITFS 


5G7 


K 

r*r-s 

Kaufmauniana, Pcziza, 

JUTt 

l.cutta«. ColUtotr\chu\«, 

- 4S«1 

Kerrcrj, ^clcrotmia. 

270 

Klelnbni, PenUrnnum, 

3/0, 4)4 

Kmeliana, Urocygti* 

3)0 

knautue, Pironospora 

132 

Knyanum Chlorocli}triU»ii, 

5:>o 

Kochu, Stnckeria, ' 

205 

KoUczekii Ustilago, 

202 

Kolleri, UstiUgo, 

£S7 , 

VvOorietsjuia, UBtilago, • 

£*>% ' 

Kriegenanum, Cla locb\ trium. 

1)4 , 

Krucliii, Taplirina, . 147, 110, I'll 

KUhnoana, UstiKgo, 

204 

L 

Labrclla, 

4<4) 

labami, Cueurbitana 

G. Jog 

,, Phyialo^pora, 

218 

la«:etaQuin Pbra^midjuin, 

383 

I&Qerftta, Koestflu 

•iSj 

I^cbnalla, 


lAcimata, Tii«t«pbora 

420 

Iftetea, Ovularia, 

GOO 

l&rtncae, Bremta, 

W 

Laestadia, 

216 

laelom, Sj ncliytriutn, 

III 

laevigatns Vcly^ofva, 

44) 

UeTii, Tdletia, 

309 

Lagenanuin CoUetatricUuin 

480 

Lagerheimu, Leaconostoc 

143 

r> Ustilago, 

290 

lamii O^ularja, 

m 

lampsanae, Puwnia, 

3Jf> 

„ Ramutana, 

502 

Mneola, ^ryaosponmn, 

448 

Upponicus, Uromyctfs, 

387 

lariciDa Sphaerella, 

211 

laneinum, Leptostroma, 

212 

lAphodcrcuiutn, 

240 

laricis, Caeoma ^ 367,410 

,1 Ifeterosporiiim 

610 

, KypoilermeUa, 

231 

Laaiobotrya 

IS2 

Uthyrj Tbecaphora, 

324 

lafhjnnuin, Dicoecum 

506 

irturencia, Taphnna 20 US 140 153 

laureoUe, Sphaerella 

315 


Imtx, rxclwinUum. 

I««K, Clirj «oiMj-xa, 

„ f xnlnsiilium, Tl 

„ ^Jorotinia, 

IrpumiDogantni, UhJzobiuiu 
Leimb^cfiii, Urocjstis, 
fmiixp, (/blorochytnum, 

Cbn^ucHa, 

I. OlpiJiunt, 

Icpulii, Acculium, 
feptgoni, Cj»topus 
feproidca, Oeilotnjecs, 

/pproidum, f'ntyloTua 
L«p(ApUCClDlft< 
l«p\ospcnni, reron<»j>oT» 
(/eptosphaerii, 

I^pCostroma, 

Lcptostroffiieeac, 

IcptAstromtforme Cryptosporium 
f eptothyrinm, 

{•etcn(fnc9> 

{«ucanth«w> AecnUum, 

„ Puccinia 
t-CMCocUytnum 
(pucogontom, Oidium 

t«QC0O03t0C, 

leacospcmuni Aeciilmm 
Iicheooides Nostoe, 
figustn. Accufmm 
, Caeoiua, 

Uhvwarum Pttccinia, 

Iimbalia, Phyllosticta 
limonu. Urimyces 
fiinoaia> Fuaanum 
Iiniosae Puccniia 
Itmosellac T)oas^ansn, 

Iinana« Entyloma 

Petonospora, 

landemuUnanum CoIIetotrichum 
ImcaUtus Uronyces, 

Lmhartiana, Monilia, 
lim M^lanipsort 
, Peronospora, 
lolii TiUetia, 

longij^*, Tnphrina 147 I* 

lon»i<siR)a, Phoma, 

Puccinia, 

Sphaerella 

I UstJlago, 


jni 

^17 

'>40 

•Ml 


3o9 

134 

2-’0 

480 

470 


Sol 

U2 

400 

143 

409 

SlO 

400 
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noE 


lonicerae, Lasiobotrys, 

18J 

maharum, Colletotrichum 


4S7 

,, Jlicrosphaera 

176 

Diah icola, Ascoebyta, 


473 

lophanti, Peronospori, 

134 

Mamtania, 


223 

lophiostomoides, Phoma, 

467 

mammillata, Piiccinia, 


3oa 

Lophoderiniuni, 

23o 

Marcomi, Dendropboma, 


469 

IncilUe, Sphaerella, 

476 

ntarginalis, ITstilago, 


293 

Ludwigii, Saccharomyces, 1-il, 

143 

m iiginatus, PoliTwrus, 


449 

lutninatum, Caeoma, 

419 

5Ianae ilsoni, Aecidium, 


410 

lapmi, Urornjces, 

337 

nuritimus, Uromyces, 


S36 

lutescens, Taphrina (Magnusiella), 


Afarsonia, 

490 

I4S, 149 

1^ 

KfartianotEana, Doassansia, 


'iJi 

luzulae, CJrocystis, 

316 

martii, Erysipbe, 


l7o 

961 

,, Uatilago, 

294 

Ma^ela, 


lychmcola, Orularia, 

600 

Jlastigosporium, 


o(M 

lyehnidis, Septona, 

478 

maxima, Tuberculma 


32S 

lycii, Microsphaera, 

176 

inaximua, Cryptomyces 


240 

l^copersici, Colletotrichum 

4S7 , 

ma^dis, Puccmia 


3ii3 

,, Fusanum, 

G20 1 

„ Ustilago, 

67 

, 2/9 

,, beptoria 

477 

mecalospora, Selerotinia, 


260 

lycopi, A«cidtun3t 

411 1 

■^^eIampso^a ^ 

M 

RiBcrocarpum, Clado^sporium, 

510 

Melatnpsorclla, 
melampyri, Aecidinm, 

„ Coleosponum, 


349 

370 

tnacropna, GyRinosporaiigium, 391, 

.402 

Melanconideae, 


220 

macrosora, Urcdo, 

420 

MelaDCODieae, 


4S2 

Macrosponutn, . 

517 

melaugene, Gloeosponum, 


4S3 

macrosponim, Aecidmm, 

,, Ilysterium, 

411 

237 

1 inelaoogramma, Schuonella 
Mclanomcne 


200 

,, Lopbodermium 34, 

2J7 

Melanospora 

8 

184 

macrosporus, Protomyces, 31 

ns 

Mclanot-xeninm , 


313 

inatalacformis, Venturia, 

21S 

' Melasmia, 


4"9 

maculans, Ascoch^ta, 

473 

^ Mcliola, 


ISI 

maculate, Asteroma, 

470 

melJeus, Agancus (Armillana), 

C 

455 

maculatum I- ntomosporium, 

480 

Dielopfatborum, Scolecotnchum, 


503 

maculifomiis, Lacatadia 

216 

Dicnthae, Puccmia, 


341 

,, I'hyllostjcta, 

4C4 

menyanthis, Cladocliytnun), 


114 

Magelhaenicum, Accidiiiin, 

409 

mcrcunalis Caeonia 306 

367, 

410 

Magiiuaia, 

178 

„ Syncliytrium 


113 

iMagnuaiani, Piiccmia, 

349 

Mcruliaa lacrjmans, 40, 40 

442 

MagnusiclIa(«ecTaphrina) 149, 14S 

111 

Mesochytrmm, 


110 

^lagnmu Fndoniyccs, 

143 

mespili, 1- ntomosporium 


4Sl 

„ Pntjloina, 

312 

,, Alorthiera, 


210 

,, pHccmia, 

3,0 

„ Stigmatia, 


210 

major, Ualilago, 

297 

meaiiiliRiiiii Oiiliuni, 


499 

mall llcnlersonia. 

475 

nietulispora Ascoebyta 


473 

iimloruni, hairojiaij 

472 

nitcroccpbala, Claviccps 


194 

inalracramni, I'lioma 

4G9 

microcbacta, Vcrmiculan i 


471 

M I'uecinia 

^9 

Micrococcus, • 143 

531, 

W 

nahanim, Cercoajiora, 

315 

Micropuccinla 


3>C 




p«eucloB^, Poccinu, 
psofrftsperma, Pa^salora, 
^sfljcrospbaera, 
imcro‘>poruni, Intjloma, 
ilicrostroma, 
Microthjnum, 
millcfolii, Puecima, 
miDtmns, Ceplialeuro®, 
minor, Taphrina, 147, 
,, UeoBt}ccs, - 
minns, C^lmdrosponnm, 
mirabilis, Taplinna, 
mirabihssima, PacciDia, 
mixta, Melampsora, 
mo<!cstnm, Bostnchonema, 
mohniae, ^7eo\ossia, 

„ PucciDta, 

Mollen, Uitilago 

mollis, Polypoms, 

Mollisia, 

Molliaieae, 

Mompa, nelicolaiulium, 
MuDlllA, 

moDihoi lea, Oidium, 
oiODOicum, Aecidium, 
Mono«pora, 

monotropae, Urocjstia, 
moDtana, Puccinta, 
tnorbosa, Flounghtia, • 
mori. Bacterium, 

„ Cladochytmm, 

„ Phleospora, 

„ ^eptogloeum 
,, Spbacrella, 
moncola, GiblwrelH, 
mors m ae, Sphaerotbeca, 
Morthicri, Mollisia, 

„ Puctinia 
Mucedioeae, 

Mucor, 

Muellcri, Ureilo, 
mutila, Dotbiora, 
Alycoulaceae, 

Mj coidea, 

Mj coidea, Ceplialeuros, 
Mjcomjcetcs 
miosotidis, Aecilium, 

„ I eronospora, 

,, ^ynclijtrium. 


3o5 

506 


1T9 
3I>I 
• 553 
150, 153, ICI 
57S 
4S9 

147, 151 153 
340 
3CS 
501 
311 
319 
203 
44$ 
254 


201. 497 
175, 499 
410 


myrtillina, Poilosplncra, 
Mystrosponiim, 
Myxomycetcs, 
Mjxo^ponom, 


Xaegelia, 

pinipcnla, 

nana, Taplinna, 147, 140, 153, 161 


ntpi, l’leos[>ora, * 22i 

Napicladium, 516 

nccans, Osulana 500 

iiccator, Glocosponum, 4S3 

necatnx, DematO] bora, 202 

Nectna, 1 S5 

Nectnella, 1S4 

Nectroideae, 470 

ueglecta. Ustilago, 292 
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aouchi Cnleo«poTium, S7G 

„ I’uci.inia, .133 

Sioriucri, Pindermtutn, 370, 414 

''orauenaua, Pc«taIoutna, 493 

sorlii, Cuciirbiuna, 210 

„ Melainpsora, SCO 

, Phoma, 46i 

aonliila, Pcrotiespora, 134 

<<>rgbi, n.icilluj, o14 

,. Cmtractia, 102 

, Lndothhspis, 302 

, 1 uatcladium, SOS 

, Puccmia, Vi1 

,, Lredo, 420 

„ UaUligo, 2b4 

iorospbaera, 310 

aorosponoi les, Irecjsli* 317 

Sorosponum, 123 

spam Mclampsora, 370 

,, Peronospora 111 

sparsus, Uroni>ces, 317 

speciosum, G) inncsporangmm, 403 

„ Phragmidtuni, 302 

eperguUe Puccmia, 301 

bphaccloina, 407 

bphacelotheca, 302 

SphaerelLi, 211 

Sphaerelloidcae, 210 

Sphaenaceae, 1S4, 193 

Spbaenotdeae, 403 

sphaerogena, L'stiLago, 291 

epbaeroidea, Dotbidea, 230 

„ O'Ularia, 501 

•phaerui Ics, Dotbiora, • Jla, 249 


3.1S 

411 

44S 

411 
3.1C 
517 
423 
517 
4 OS 
202 



57(5 


r INDEX OP PAPASntS 


Sphaeronema 

Sphaerophragmimn, 

Sphaeropsideae 

Sphaerop«is 

sphaeropsoidca, Phyllosticta 
Sphaerostilbe 
Sphaerotheca 
ephagni, Tilletia, 
spimciae Colletotnchuni 
spinificia Ustilago, 
apinufosus Cjstopiis 
gpirahs, Uncmula 
epissa Ditlymana 
splendens, Aecidiud 
Sporidesrnmm 
Sporodesinium 
epumeus P lyporus 
apunura Spbaerooema 
aqii^mosiia, Voiyporus, 
atjuarrosos Agancua 
at3cb}(ljj Puccifiia 
„ Septona 
Stagonospora 
Stahlii, Pendermiuta 
atellanie Syncliytrium 

Stemphjlmm 

Stereuin 

atictica Pc^t&lozzi^ 
atictOides Deptoaphneria 
Stigmatca 
Stilbeje 

atoloni/cf, Mucor 
Stomatochytnum 
8tr^Oi22ii9 Puccjijja 
“'trmssii % cntiina 
Strcblonemopgia irritans 
atriaeformis Fuccima 
atmtus, Uromj ccs 
Stnckern 
ttniformn Tilletn 
atrobi Firi Icniiium 
, FJ oma 
•tfoluco/a Ilyfw Icrnta 
atrobiliniiin Acci liurn 
•trutJjjopfmi Ure iinopji? 
Stjaanus . 

Fiiccmw 
, Trametcs, 

• ii}>cortic!uTti 1 liragtrilliuni 


anbinclusa. Cm ractit 
,, UatiU \go, 
subtecti Leptospl^iaem 
snUtiba Coleroa, »' 
aucciaae Synclijtriui^n 
„ Uatilago ^ 
auflbcat-g, Pestalozzia > 
sufTuUa PhyJJactmm I 
stilcigeaa, H3 podermenU 
sulplmreus Polyporus \ 
sylvtitica, Puccinu y 
aymmetricum Rhytismaj 
sympfiytJ Urcdo, ^ 
aymploci Exobasi\iunj 
aynantbereartmi Coleospomim 
SyncephAbs, 

^JIlChytr/aeeae 
Syncliytrium, 
syriogie Onilana 


tabaci Oidmin. 

„ PhyJlostJcta 
taUfica PhyJIostictft {bphaerolW 
taI«o!a, Aglaospora 
*, Djaporthe 
tanflceti Puccmia 
Taphna sTapbrin%, 

Tiplmna 7. ® »' 

Taphnnopsis 
tara\aci Paccmia 
,, Synghytrium 
taxi, Capnoiliuzn 
, Pfaonta 
, Spbaerella 
tenuiattpca Fuconn 
leppeMaims Cromj ccs 
terebmthi Lromyccs 
tcrea IIeJmiotliogporion> 
fetTRTOyxa 
thalictn Aeci hum 
, I ntyinma 
, I'uccinia 
Tb«cttphora 
Tjietwp^ora 
thelebola Aglaoipori, 

, Mclaiiconiiin), 

Thel^i J ora 
thcaii, Fuccinia 




tNDIX Oi 

riKISJTl.S 

r*77 


rAOK 


rAop 

ThlchMi, 

. IRi 

tngonpllac, Uronijcca, 

.117 

Th!eU\ iojisi^. 

. . !H1 

Tripltragniiuiii, • 

. .101 

thlMjico% Ihiecinn, 

. SOI 

tritici, Lopto»ii1ncrin, 

. 2J1 

„ TjIIcHv 

. SIO 

„ lilletm. 

. 10(1 

tiliie, Actinonemn, 

474 

„ Uitiligo, 

2SS 

I’lijlloitieti, 

. 401 

trollu, rucemln, 

.11(1 

Tillelu, • 

40, OR, 30C> 

tropaooli, I’lcospora, 

2Jl 

Tillcticne, 

270 

Tulicracoap, • 

181 

Tolj'po«ponum, 

. 300 

TuIn rcul irieiip, 

.I’O 

Toniontcllcic, 

421 

tukcrcuhttini. Vlirngtniiliiiiii, 

.102 

tormentillae, I’liragmlilaim, 

101 

t(ilH.rciilatiis, Urniuycca, 

.117 

torti{i«, 1 rjBij hp 

. 171 

TuticrGuIinn 

127 

Toruh, . 

141. Ill 

laltorosa, Stlrrotinia, 

200 

Tosi\umetii, Tniilintia, U7» 

r>0, 151, Krt 

tiibonini, CIa<loB|'oriitni, 

.111 

toxico<1cii Irii Manonia, 

. 401 

luboiiliaHiini, CyHi>‘lroi]ioriutn, 

48S 

Trabulianaj UstUngo, 

. 200 

TuburciniA .... 

119 

Trftchj niKim, 

117 

TMckcn, 1 rjaipbo. 

170 

trngopogonis, (. j itopu*, 

127 


177, 400 

I, ruccmh 

I'll. 

liiIiMtci, Hniiuilurn, • 

214 

„ UitilngOi 

2 m 

, spbaerella. 

roa 

Tniln, I^^celnl■^ 

. no 

„ Uncintili, 

17S 

t> Ihccnphnra, 

1-M 

,, UaHlftgo, 

284 

Trainitei, 

430 4'>l 

tiili|Kip I’ucclnii 

110 

Trctimto«ihnerw circinain, 

. 201 

„ Sclirotittin, 

500 

TrcmeUinae, 

121 

,, Uatihgo, 

209 

trcniclloi Icj, (•> ninotporaiigliim 1^9 

turciCHM), III Imliitlioaitoriinn, 

512 

trcmuho, Ascocliyti, 

471 

lri)Iiriim 117,150, 

152, 150 

1 I uaiclnditinii • 

foi 

tiiaeilagtnls CnlP08| ormin. 

17(5 

>, MdainpaorA, 

101, H.7 

typliaruin, Ilctiroiporium 

510 

t iclniliitni, 

210 

typblnn 1 pielilot, 

191 

Trcnlppolilia cinloj liytion 

Oil 

lypluiln, 

111 

Tritil 11 Uatlingo, 

10, 200 



{’/ijtipliyti 

fll 

U 


trklielln, Vcniiiciilarji 

471 

Ul<« UnwjalU 

110 

triclif ihorn Ustihgo 

2*»1 

„ Uatih}... 

2ni 

Tricliosplin ri i 

01, I01 

lltniniA 

111 

T riclioapliaorlenc 

HU 

uliiiarlap Ibniiiilarh 

502 

1 ncliosji rft 

401 

„ StjaiiuiB 

519 

trulictyln, 1’ loiiplinprn 

171 

,, 'Iripliragiiiliiin, 

101 

triciitiliB, Till iirciiila, 

1111 


412 

Inrolil, Oli.lliiim, 

107 

ulmi, A] (oBjKiriutii 

181 

■ ■ 1‘liacl Hum, 

211 

, Aati n nm 

179 

II 1 iiyllacliora 


„ Dotbtblla 

2 10 

,, 2’otytliriiiciiim 

220 

., rblin»i»irB 

4TS 

,1 I’iciiiloiH rlra, 

211 

„ I’itjllarlx’rn 

490 

,1 ‘^yticJijtriiiiii, 

107, 101 

1 In »J ra 

221 

,, Uromjcm, 

m 

,, t* (,lo''utn 

4<>0 

tnfoHonim, I'ln nr>»i>or« 

11J 

„ MS 

M9, 111 

■ 1 *'i.|pri>lliila 

2lH 

iilmtn liiin, ( rral< ] li >liiiti 

512 
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Urclincaft, 7 21 4^ ''2> 

1 rter pc 'im 4> I 

T^rclinop* *i I4l 420 

XTrclo format 4'*ft 

IJn nla '' Icrotin a 2.r 

Urol os ilium 42’“ 

Uroc^'ts ^14 

Xron\cc<i 

UroxiUicts m 

Urop\xi» VI 

1 rticar IVrono*') ora 1 V* 

ramulana '02 

lljtKma 24r 

''cptona, 4*‘s 
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Trincdic^ fw 
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\analiha rArnuUna 
ARmts. T'voa'iciia 
xasmfc turn T'l^auim 
aastatriv Hcmilcia, 

Acnctnm (»locnspnrnim 
X cntniia, 

'icratri rn i,ini% 

Uromj CCS 
^ omicnlariR 

acrmici lanacionnis X cntur a 
xcmals 1 nlonijccs 
, Mplampso'R, 
a cmnic ic 0\ iilarta 

, 1 ' cctma ■* 

, snrcspl ncra 

, *'t\‘aAlil s 

scronvATim Pn mia * 
xcnoc liVsi m rntjloma 
X lalao Urclft 
sil im« riasmnpans 
> I'aitii lanm 
Mciac A.« ocljta, 

T*cr nnspnra 
, Tl KlloallctA, 
sincso,!' nia, 

Mnnaa XlHilafO 
a lolaccR Tv) i7<v tonia 
la^;o 

a lola Cl m 1 ) racn 1 1 «m 
Molao Cc cp«!pnTft 

1 Ipcosporit m 
I’proooaji.irR, 
r» xllo^t ctR 
rn inia, 

I rfVNfilis '1 

s rpanrrao U c inia, 

Mrpn a Taplrna l4s 

M»C Uon m I'cllilca, 

\i I lo ChloT^ 1 aim m 

M 1 s, C^l tilro5-po~ im 
Mtcll nap Xlclan pwara, 
a It coila Ccrcp pp a. 

rUvmppa’^ 

Mt dim ria 1p.V^tnrin 

Oa lospn-'inm 

Mt ^na, l.ppffwp>iac la, 

\it s \i rroJ B* In m 
rU'imp.lippl ora, 
sp1 ap’T la. 
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I INDIA, ot pvrasiTi-s 


Mtis, Uredo, 420 

Volkensii, Ra^cncll■\, 401 

\ olutclla, - 520 

^ ne«eana, Ustilago, 299 

Vmjkn, Ustilago, - 291 

vnlgana, Botrjtis, 500 

„ PhiUoslict-x, 461 

aTilptnae, Puccmia, 151 

■\Y 

\\ atVmTgiana, EpictloL, 191 

ariDingu, t Tobasidium, 427 

Wcstenilorjni, Tliccaphora, 325 

^^l11kommu, Daajscjpha, 271 


\1 lilkomtnii, I’cziza, C, 20, 271 

Winteriana, 1‘uccinn, 119 

^\lUrockil, I'ntodcrina, "31 

\ 

xaiitl]Ox>li, Acci linni, 410 

\cno(lochQ*, H>1 

x)Iostei, Antliostoma, 22G 

7 

zonata, Tillctia, 110 

Zopfia, 179 

7opfiena, ITS 

Zopfii, I’uccinia, 111 

Zjgomjcetes, 114 



11. GENERAL INDEX 
OF UOST-PLAhTS, COUMON NAMES, Etc 


A 

Abies, Aeeidium, 404, 409 
Agaricua, 457, 461 
Apiosponum, ISI 

Caeoma, • * 41b 

Calyptospora, • 372 

Lophoderinium, • 239 
Nectna,' • • 185 

Pendermiittn, • 417 

Festalozzia, • 493 

Fhoma, • . 4G5 

Folyporus, 439, 442, 44S, 
449, 450 

I>bi7ina, • • 274 

Sclerotmia, • • 2*0 

Trametes, - 453 

Tncliospliaena, - 196 

Abtetlneae, Sljcorluza, 90 
Acacia, Aeculium, 410 

Jla\cDcIia, - . 403 

Uromjccs, . . 33S 

Acer, Ccrcospora, - 513 

CyliDdrosjwruim, - 4S9 

Dermatca, • . 253 

Dyseomjcopsi?, • 245 

Ix^ptotlij num, . 479 

Mclasmii, . 212, 430 
Ncclria, - . . ifi'j 

Oiiliutn, • • . 499 

I’cstalown, . . 49T 

I’criculn, . 2.33 

riilcoBpora, • . 478, 

rhjIIoBticta, . . 4C3| 


roli|>oni8, 445,441,432 


Rhytisma, - 242, 244 

Septoglocum, - 495 
Septona, • - 478 

Taplirma, 151 154, 168 

Uijcmula, • 177, 178 

Achillea, Cystopus, • 127 
Leptcthynum, • 242 
Protomyces, • 141 
Puccmia, • 361 

Scbtzotbynum, • 242 
Synchytrimn, 113 

Acooitum, Puccmia, • SoC 
Urocystis, 316 

Acorus, 

Septocylindrium, • 505 
Actaea, Aecidinm, • 409 
Urocystis, • . 31G 

Adenostyles, Aecidntm, 348 
Colcosx»oruiin, 377 

Niptera, 2u4 

Puccmia, - 343, 359 
Uromjces, 337 

Adhesion discs=appres 
sona 

Adonis, Urocystis, • .<17 
Adoxa, Paccinia, 341, 359 
Synehytrium, 112 

Ustilago, . - 299 

Aeeidium, Tnbercnliiia, 327 
Aegopodium, 

Actiiioncma, • • 474 

CacoTiii,- - - 410 

I’ll) ilachora, • - 229 

I’rolomycca, 13S 


410 
472 
. 1S5 
. 4G4 
444 
. 478 
. 143 
151, 153 
313 


Puccmia, 

AesculuB, Aeeidium 
Diplodu, 

Ncctna,* 

Phyllosticta 
Folyporus, 

Septona, 

Shmc flux, 

Taphnna, 

Aethusa, Puccinn, 
A^ancus, Endomyee*, I'll 
Agave, Cladosporium, 609 
Agrlmoala, Melampsora,370 
Uredo, • 120 

Agropyruin (see also 
Triticuin) 

Puccmia, ■ 345, 349 

Ustilago, • 

Agrostemma, 

Tnphrmi, ■ 151. 151 

Agrostls, Puccmia, 345 349 
lilletia, • - 310 

Alianthus, Ccrcospora. 515 
Alra, Intyloma, 

Puccmia, 

Ustilago, 

AJuga, PliylloLuini, 
Alblxzla, Uromjccs, 
AlchemUla, 

nostnehonema, 

Colcroi,* 

Uromjccs, 

Alder, Mack = Ainu: 
gtiitiiiosn 


313 




501 
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581 


PACC r«Oe VAOC 

Aliler, vhite-Alousincma Alal&eae, I’uccinia, '?C1 Anthoceros, Nostoc, i>46 

Aletris, riijsaloapora, 218 Althaea, C<‘rcospon, 515 Aathoxantbum, 

Al^e, Clilofocjstis, • 5o0 CoIIetotncham, •IS" I’uccinia, • Sll, 3o-t 
Kntodemia, 531 t’lioma, • 409 Tjllctja. 310 

Entoncfna, 535 IJostJcta, 404 Anthrac/J^sc, 

Ilanejclla, 553 TucciDUt 360 Blackberrj, 4S3 

Olpidium, 107 Amarantaceae, Cotton, 487 

rcnphlegmatium, 531 Ci*topus, 127 Pruet, 4S5 

PhaeophiJa, 351 Ainelaiichl*r, Raspberrj, 483 

Pjthmm, • 117 Fusieladium, 507 ^ me, 407 

Streblonemopsts, 53-> G^mnosporangincn, 3S) Anthriseua, Plasmopara, 12S 
,, blue green, • 541 301, 401, 402, 403 Puccinii 340 

„ pathogenic, 539, 547 Oidium, 499 AsthFlUs Uromjces, 337 

Allsma,CIaJoch 7 tnuin, 114 Podospbaera, 173 Apiiim, Ccrcospora, 514 

Poassansn, • 321 Poestelia, 385,391,402 Entylomi 312 

I’sendopeziza, • 2 j 5 Ainpelopsl# Cercospora 515 Macroapo*’ium, 518 

Allium, Aecidium, 349 Amphlcarpaea Phyllosticta 404 


Daeteriosis, 

539 

Sjnchytriucn, 

109 

PiicciDia 353, 

3m 

Caeoina, 

367. 419 

Amygdalae (see also 


' Septori ». 

477 

Cladochytnum, 

114 

Pruous) 


ApocynujD, Aeculium 

411 

Moccoaponuen 

518 

Ascospora, 

2111 

1 Septogloenm, 

496 

Peronospora, 

132 

Ccrcospora 

513 

Apple (see Pjnis Mains) 

Puccinia, 

3(1,355 

Gtoeosponun, 

483 

I light, 

531 

Rhizoctonia, 

202 

Pol} stigma, . 

169 

rot, 

482 

Sclerotmia, 

200 

TapbrinS 150 153, 

165 

powdery mildew 

174 

UrocysCis, 

310 1 Anbury, 

5N 

Apprcssooi, 

9 

Uromj ces, 

337 33S 

Anchusa Aecidiuin 

347, 

Apricot (sre Prunus) 


Venniculatia, 

471 

Andromeda Colcroa, 

105 

AquUegla, 



Almond (see Amygdalua) Fxobas«Ji«m, 420, 427 Aecidiom 349, 409 
Alnua, Corticium, 452 Rhylisma, 246 AraWs, Aecidntm 410 

Frankia, 101 Stigmatca 211 Puccin»a, 3o9, 301 

Leplothyrium, 479 Aadropogou ClaMceps I9a Ustilago 297 

Microsphaera, 170 I’oceinM 3l5, 354 Aialia. TfJpbragnHum 362 

Mjcodomatia 99 TjlIeUa, 310 Arctium, Actidium 351 

Mjeorhua, 9*’ Ustilago 292 Arctostapbyios 

Ovulana 501 Aadrosace ExobastOium 427 

Passalora, oOO Peronospora J34 Melampsori 370 

Polypodia, 433 439 452 Anemone Aecidium, 23 409 Arisarum I’hyllosiphon 533 
Sclerotmia 202 Coleosponnm, 377 Artstlda Ustilago 294 

Stigmatea, 21 1 Protomycea J4l Arlstolocbla Puecinia 341 

Taphrina, 150, 157, 158 Puccinia, 356, 3o8, 360 Armerla Uromjces 334 

IGG 108 SclerotiDia 266 Armoraci^ \seoclijta 473 

Valsa 224 Septona 478 Alternana 518 

Alopecurus, 8jnch>tnum, 112 Ccrcospora, 514 

Pcstalozyina, 49 j Urocjstl*, 316 Cj«topi>» 126 

Pueciiiii, 345, 310, 349 Anethum I’uccinia toS O^ulari*. 500 

Tillctia, 310 Ilcterosphaena 249 Septon^, 477 

Alpine rose (see I ho Angelica, Fusicladium 508 Arnica Fntjloma, 312 

do^lcndron) Puccinia, 340 Araoseris Intyloma 312 
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Aronia, 


Gymnosporangiiim, 

391 

Roestelia, 

392 

Arrhenatberuin, 


Exobasidium, 

427 

Puccinia, 

345 

Tilletia, 

310, 

Urocystis, 

316 

Ustihgo, 

288 


Arrowroot (see JIaranta) 


Artemisia, Peronospora, 134 
Puccima, ' • SGI 

Articliohe (see Cynnra.) 

„ Jerusalem (see 
Helimthua) 

Arum, Aeculmm, 349, 410 
Caeoina, 419 

Uatilago, - 299 

Anindlnarla, Uatilago, 293 
ArundUieUa, Uatihgo, 294 
Asarum, Fiiccinia, 32, 339 
Aecleplas, Aeculium, 411 
Ash (see Fra'<cmus ex 
celsior) 

Ash cankor, > 533 

Aspara^s, Ccrcospora, 514 
Puccinn, 311 

Phiroctonn 202 

Aspen (sec Populus 
tremuH) 

Asperula, Phneiduini, 241 
Puccinia, - 341, 333 

Aspidistra, Ascoclij ta, 473 , 
Aspldlum 1 , „ » I 

Aster, Aeculuim, 3.*>1, 411 


llisidiopliora, ' 127 

I’liccima, - . SCI 

Astra^ns, Duljmarit, 501 
Microsj libera, - 17G 

I’olj stigma, • . 100 

lliccapliom, - 321 

Uronijcci, . , 317 

Astrantla, tabraca, > 2*>', 

Piiccmn, • • 359 

Athamantlia, I’ticcinin, 310 
Atragene, Puccinu, 3.',S 
UrcKjstis, • . SIgI 

Alrlplex C lv!f>ch>tnum luj 


II GENERAL 1NDE\ 


PAOC 


Pbyllosticta, • 463 

Atrophy, - • 22, 26 

Aubernage, - 202, 534 
Autoecism, - - 45 

Avena, Cladosponani, 509 
Eryaiphe, - 175 

Fusanum, 512 

Fusicladium, • 508 

llelmmthosporium, 512 
Phooia, - 467 

Puccinia. 345, 346, 348 
Scolccutrichum, 508 
I Septona, - 477 

Uromyces, - 336 

I Uatihgo, - 284, 287 
AzoUa, Auabaena, • 545 

I ^ 

Bictenal diaeasea or 
Bactenosis, 530 

Bacteroids, • • 102 

I Bambusa, Neovossia, 811 
I Puccima, ' • 854 


Barbarea, Aecidium, 400 
Barberry (see Berbens) 
Barley (see Honleum) 

^ Bartsia, Coleosponuin, 876 
Batatas, Ceratocystis, 469 


Cladosponum, • 511 

Cjstopus, . 127 i 

Nectna, . • 189 

PhyJloslicta, - - 464 

Hhizoctonia, - • 202 


(sec also Ipomoea) 
Bean (see Yicia) 

,, Kidnc) (see Phaseolus) 
Beech (sec Fagus) 

Beet root and Sugar Beet 


(sec Beta) 

Beet bcirtrot,* • 484 

J „ •scab, • 497, 537 

: Belli dlastnun, 

Acctdium, • 331 

Entjloma, - 312 

Pnccinia, . . 359 

Beilis, Arcidium, • 332 

Berberls, Accidinni.341, 409 
I)iJ>moaphaen‘i, • 218 

Melasmia, • 470 


iliCTOsphaera, 

Puccima, 

Beta, Bacteria, 
Cercospora, 
Entyloma, 
Oospora, 
Peronospora, 
Phoma, 
Pbyllosticta, 
Pythium, 
Rliizoctouia, 
Sclerotinia, 
Spondesmiuni, 
Uromyces, 

Betonica, Puccinia, - 
Ustihgo, 

Betula, Cladosponum, 
Dothidea, 
Dotbidella, 
Hormomyit, • 
Melampsora, 
JJicrosphaeri, 
Jlyxosponum, 

PhyllaetmiOj 


340 

537 


461 

no 
202 
2C4 
221 
334 
350 
298 
511 
230 
. 230 
262 
306, 307 
170 


178 

Peii-pora,. '4«. 4« 

Sclerotinia, • 

Slime flux, ‘ 

Taphnna, 149 164, 

159 161, 107 
Twig gallB, ' 532 
Uncinula, ■ 1' 

Bilberry (see Vaccinium 
Myrtillus) 

Blreb (see IJetnla alba, etc ) 
Bitter rot, • • * 

Black knot. ' 

rot. Vine, 21C, 454 
rn.t, - 241.413 

.)nnl., ■ 433 

Bhdiler plums, 1 

Blanc des Hacmes, 

Blight, a common name for 
diseases 
Boraglneae, 1 rjsipbe, 175 
Puccima, * 317. 348 

Borago, I ntyhina, • 31- 
Borilcaux mtstnre, C3, 17- 
nomllio B.>r.1clai»c, • 
Bouteloua, Ustilngo, 
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fAC* 

Bracbypodlum, 


Cacalia, Coleosponum, 

377 

Puccmia, 346, 

154 

Uromjccs, 

317 

Tilletia, 

310 

Cactus, Phj tophthora, 

IIS 

Uromjccs, 

.116 

Caeoma, Tubcrculina, 

327 

Bramble (see Rubus) 


Calamagrostls, 


Brand, ^ me, 

484 

Puccmia, 

346 

Brands (see Ustilagmeac) 

Sclerotmm, 

2C6 

Brassica, Ascochyta, 

471 

Tilletia, 

310 

Altemana, 

51S 

Ustilago, 

293 

Cercospora, • 

514 

Calatbea, Cephalenros 

551 

Cjstopus 

126 

Calcium oxalate and fungi, 

Macrosponum, 

SIS 


33 

Olpidmm, 

107 

Calendula, Fntjloma, 

1l2 

Peronospora, 

133 

Caltba, Pabraea, 

255 

Plasmoiltophora, 

524 

Pseudopeaiza, 

255 

Pleospora, 

221 

Ihiccinia, 

34l 

Scicrotmia, 

264 

Camellia, Cephalenros 

552 

SpbacTcWa, 

245 

CoTjuenm, 

464 

Sporidcsmium, 

221 

Metiola, 

1S2 

Brlra, Puccinia, 

345 

Pestalorzia, 

494 

Tilletia, 

310 

1 emucnlana. 

471 

Bremns Fxobaaidium, 

427 

Campanula. 


Pucemn, 34' 

347 

Coleosponum, 

377 

Sphaerclla, 

213 

Marsoma, 

401 

lilletia 

110 

Puccmia 

3j9 

Uroc} stis, 

316 

Cankers (see under Hosts) 

Ustilago, 202 

203 

^ectna Aecidmm, 

etc 

Brown rot, 

407 

Cannabis, 


Broim rust, 

347 

Pendrophoma, 

469 

Brunissure, 114, 52S 

Pcziza, 

205 

Brusone, Bice, 

266 

Septona, 

477 

Brussonc, 4 me 

4S4 

1 Caper = Cappans spmosa 

Bryzopymm, Puccmia, 345 

Cercospora, 

515 

Buckwheat (seeFagop> rum' 

Cjstopus, 

12C 

Bu Is premature. 

20 

CapseUa Cystopns. 

156 

Bulb liacteriosis. 

53S 

Peronospora 

113 

Bunt (see Tilletia) 


Plasmodiopliora 

524 

Bntomus 


Capsicum, 


ClaJochytnum, 

113 

Gloeospormm, 

4S1 

Doassansia, 

321 

Caragana Uromjccs, 

137 

Bnxus, Lae'^taJia 

217 

Cardans, 


Leptostroma, 

4V0 

Pucciiiia, 340, 353, 350 

Isectria, 

IbS 

Ibecaphora, 

324 

Phoma, 

4GS 

Ustilago, 

206 

Phj llosticta, 

464 

Carex, Cmtractia, 

302 

Puccmia, 

36 

Leptostroma, 

480 



Phjllachora 

229 

C 


Ihiccmia 319 351,335 

Cabbage (see Brassica) 

1 bcbizonella. 

SOo 


Tilletia, 110 

Toljposporuim, 30(5 

Uatilago, 27, 294 

CarUna PucciQia, Jo3 

Carnation (see Dianthus] 
bactenosis, 512 

fairy ring spot, 51C 

rosette, 522 

rust, 316 

spot, 477 

Carplnus, Dermatea, 2."3 
Fusicladium 508 

Gnomomella, 221 

Mnmiania, 223 

Mclampsora 170 

Pczicula 2)3 

Phjltactinia, 178 

Poly^eiis, 447, 452 
Slime Sus, 143 


Taplmna, 150 154, 102 
Carrot (see Daucus) 
Carthamns, Pueeinia, 35S 
Carum Clailochytnum, 114 


Fucmia, 356 

Carya, Fusicladium, 603 
Ramularia, 502 

Cassandra 

ETobasidium, 427 

Castanea, Diplodiiia 474 
Postalozzia, 404 

Phyllosticta, 464 

Polyporus, 439 

Septona, 478 

Slime Hut 143 

Urocystis, 319 


Castration of Sowers 27 
Catalpa Macrospo 

rium, 518 

Ceanotbus, Aecidium, 411 
Ce lar apples 402 

Cedms, Pen lermium 417 
Celery (see Apium) 

Cell contents and fungi 31 
Cell sap and fungi, 33 
Cell walls and fungi, 36 
Cellulose destroj mg fungi, 
35, 3S 

Celtls, RamuUna, 502 
Tapbrina, 140, 153 
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Aronia, 

Gymnosporangium, 

Roesteha, 

Arrhenatherum, 


Arrowroot (see Nlaranta) 
Artemisia Peronospora, HI 
Puccinia, 3GI 

Artichoke (see Cynara) 

, Jerusalem (sec 
Helimtlius) 

Arum Accitlium, 149, 410 
Caeoina, 419 

Uatilago, 299 

Arundlnaria, Uatilago, 291 
Arundinella, Uatilago, 294 
Asarum, Piiccinn, 12 3o9 
Aacleplaa Aecidiutn 411 
Ash (see I raxmus ex 
celsior) 

Asli cml er, • 511 

Asparagus Ccrcospora, 614 
Puccinn, 341 

niu7octonia 202 

Aspen (sec I’opulus 
tremiila) 

Asperula, Pliaculium, 241 
I’uccmia, 141, iji 

Aspidistra Ascoclijta 471 
Aspldium 1 
AspUiiIumP**'®^®"’^) 
Aster Acci hum, 1"l, 411 
l?i»i<liopl ori, 127 

I’licciina, IQl 

Astragalus Di lymaria, COl 
Microsi liaem, 17(j 

I’oljatigma 100 

Ihccajlifra 304 

Ununjee* 117 

Astrantla labrnia 2.V» 
I’licciiiii 150 

Athamantba, I'liccmia 1l0 
Atrageoe Puccini i l',s 
Urotjitis, . lie 

AlrtplexClAWbjtrnini 114 


riiyllosticta, - 4C5 Microsphaera 

Atrophy, 22, 2G PucciQia, 

Auhemage 202, 534 Beta, Bacterit, 

Antoccism, • 45 Ccrcospora 

Arena, Cladosporium, 509 Entyloma, 

Erysiphc, 175 Oospora, 

Fusaniim, 612 Peronospora, 

Pusiclaclintn, 50S Phonia 

Hclmmtliosponum, 512 Phyllosticti, 

Phoma 4G7 Pythium, 

PocciDia, 345, 34C, 148 Rliizoctouia, 
Scolecutnchum, 508 Sclcrotinia, 

Septoria, 477 Spori lesmium 

Uromyces, 13G Uromyces 

Uatilago, 284, 287 Betonlca, Piiccinta, 

AzoUa, Anabaena, 545 Ustilago, 


Lxobasidium, 

427 

Arena, Cladosporium, 

509 

Puccinia, 

345 

Erysiphc, 

175 

Tilletia, 

310 

Fusaniim, 

512 

Urocjstis 

31G' 

Pusicladintn, 

50S 

Ustilago 

288: 

llelminthosponum. 

512 


Bacterial diseases or 
Bacteriosis, 530 

Bacteroids, 102 

Bamhusa Neovossia, 31 1 

PiKCinia 354 

Barbarea, Accidtum, 409 

Barberry (sec Berbens) 

Barley (see noixleum) Sclerotinn, •“* 

Bartsla, Coleospormin, 370 Slime flux. 

Batatas, Ceratocjstis, 4C9 laphnna, 149 154, 

CkitaiHirioiii SI I '“‘“'’1,, 

Cjstopus, 127 Twig galls, • 

Ncctna 189 Uncinula, ‘ 

PJiyllosticta, 4C4 Bilberry (see Vaccmium 

Rliizoctonia 202 Myrtillus) 

(seo also Ipomoca} Birch (see Betiila albi, etc ) 
Bean (sec t ici-%) Bitter rot, ^ ' 

„ Kidncy(8eePhaseohis) Black knot, " 

Beech (see 1 agus) ,, rot tine, 2IC 4ip 

Beetroot and Sagar Beet ,, nist, 

(sc© Beta) , shank, 

Beet heart rot, 4b4 Bladder j lunis 1 

„ scab 497, 617 Blanc dcs Pacincs, 

BeUldlastnim, Blight, a common name for 

Aecidium, 111 diseases 

Fnt^Ioma . 112 Boraglneae Irjslphe^ I’o 

Pnccinia. 3jf) Puccinw • _ 


Betula, Cladosponutn, 511 
Dothulea, 230 

Dotlndella, 230 

Hormomyia 2C2 

Melampsors SCO 307 

Microspbacn 

Myxosponum, 

Phyllactinia, 

Polypoius 440 449 452 
Sclerotinia, 201 

fil.Tnc n.iY. 1^3 


(sc© Beta) 
Beet heart rot, 
,, scab 
Belli dlastmm, 
Aecidium, 
Fntj loms 
Puccinia, 
Beilis Aecidium 


Puccinia, 3of) Puccinia • ’ 

Beilis Aecidium • 152 Borago 1 ntjloina 91- 
Berberls Aeciliam,141,4rKJ Bordeaux mixture, C9 h- 
I)i lymosphnena, CIS r>ouillic II irdclalse, 
Melasmia 470 Bonteloua, Ustilago 
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Brachypodlnm, Cacalla Col«ospotinm, 377 Tilletn, 310 

Puccinia, 31G, 3o^l Uromjccs, 337 Tol^posponum, lOG 

T;lJetia, - • 310 Cactus, Phjtophtijora 118 UstiJago, 2?, i?9i 

Uromjccs, • 33G Caeoma, Tulicrculini, 327 Carllna I’liccmia, 353 

Bramble (see Rubus) Calama^ostls, Carnation (sco Uiantlius) 

Brand, Vine, - 484 Puccinia, 31G bactcnosis, 532 

Brands (see Ustilagineac) Sclcrotmm, 2C6 fury nog spot, 51G 

Brasslca, Ascochj ta, 473 TiUetia, 310 rosette, 522 

Alternaria, 51S Ustilago 203 rust, 33G 

Cercospora, • 514 Calathea, Cephaleuros 533 spot, 477 

Cjstopns 126 Calcium naalatc and longi, Carplnns, Dervnatea, 2o3 

Jiacrosponum, 518 33 Fusiclatlium 503 

Olpidium, 107 Calendola, Fntjloma, 312 Onomoniella, 223 

Pcrono«pora, 133 Caltba, rabmea. 2.>5 Mamnnia, 223 

riasnioiliopbora, 524 Pscudopezim 253 Melampsora 370 

Bleo«pora, 221 I'uccmia 341 Pezicula 253 

Sclcrotima 264 CamelUfl, Cephaleuros 652 rhylfactinia 178 

Sjbaerella, 215 Cooo«“'n. ■IS'l Poljporus, 447,452 

Sponilcsmium, 221 Jleliola, 1S2 Slime Oux, 143 

Brtza, Puccinia, 343 Pcstalocaia, 404 Taplirma, 150 154, 162 

Tillctia, 310 VcrniicuUna 471 Carrot (see Paucus) 

Bremna, Lzobasidium, 427 Campanula, Cartbamus, Puccinia, 355 

Puccinia, 345, 347 Coleosponum 377 Canun ClaJoehytnum, 114 

Spbaerclla, 215 Marsonia 401 Puccinia 350 

lilUtia, 310 Puccinia, 350 Carya, Fusicladmm, SOS 

Urocjstis, 31C Cankers (see under Hosts) Ramulana, 502 

Ustilago, 202 203 Sectria, Accidium, etc Cassandra, 

Brovni rot, 407 Cannabis, Laobasidium, 427 

Bronn rust, 347 Dendropliona, 4C0 Castanea, Piplodina 474 

Brunissure, 114, 528 Pezira, 263 Pestalozzia 494 

Brusone, Ricc, 266 Septona 477 Piiyllosticta, 464 

Brussone, Vine, 484 Caper sCapparisspinosa Polyporus, 439 

Bryzopyrum, Puccinia, 345 Cercospora, 515 Septona, 478 

Buckwheat (seeFagopyrum) Cjstopns, 12G Slime flux 143 

Buds, premature, 20 Capselia, Cystopus 12C Urocystis 310 

Bulb bactenosis, 538 Peronospora 133 Castration of flowers 27 

Bunt (see Tilletia) riasroodiophora 624 Catalpa Maerospo 

Butomus, Capsicum, num, 518 

C.Vd:iot’i(5\Tfci-m, Qf/wvjpwa/it., 4,n CeannUina, AjvjjIuito., All 

Doassansia, 323 Caragana, Uronijees, 337 Cedar apples 402 

Buxus, Lacstadia, 217 Cardans Cedrus, Perulenmum, 417 

Leptostroraa, 4S0 Puccinia, 340.353,359 Celery (see Apium) 

Nectria, 188 Ihecaphora, 324 Cell contents and fungi, 31 

Phoma, 40S Ustilago, 29C Cell sap and fungi, 33 

PhjlJosticta, 464 Carei, Cmtractia, 302 Cell walls and fungi, 30 

Puccinia, 3C1 Leptostroma 4S0 Cellulose dcstroj ing fungi, 

rhjllachora 229 35, 33 

C INiccinia, 349 351, 355 Celtls Rsmularia, 302 

Cabbage (see Brassica) bchizonclU 505 Taphnna, 149,153 
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Cescliras, 

Tolrp'spo’ica, 


S<>3 


.■V«adicri, • S51,4'^ 

I*oc<:icii, • S4i», 553 

C«2tT3itl:^, Pccdau, 5>6 

AeciJicia, ♦ - 411 

Ceristisra, Aec disia, 410 
Fab-acv • • i53 

Isincipsis 

M elais piorell 1, 

reivscisiv.1*^ • 
Sorct*p''n=ia, • 


Cieny, B ’d («ee Prsn^ 
Pias*) 

Csrva («*e AEtliT:<'c«) 
eieste::!. tsrss («ee 
Ae:><rd=-«) 

Citstzst, STWt (<«e 
Ca^taseal 
Carts Allisa) 
Cilara, PhyllcKsn, - oJ 

Cliloraatiy, - 53, J 

o^i,Cli2ens,r*t51a5P. iS 

370 1 Chi >nfcX . . S 

151 Car^artieram, 


4ec.5ian, 


I '^iVcwccn:. 

[ Carer (e-r TnfcJ a=) 
Carer rc<?, 

' Cab-rcot, . • - 

CKileiiii. 
.AlteTisni, - 
Cy«:cpaN 
Orclarv. 

Cai’ex, Ce'wspT’a^ - 
Heralf.4, 
relljcalsn-v - 
Rjanalins, 

Cair. U«a1iro. - 
r-v >v Urvr*^^ 


Ceratophyllasi, 


SepN'ns. 

47' 

Calstes. rris-rces - 

357 

Ch’cwhrtnrn, 

- 05.1 

Ciry«.3S?Iea2aa. 


Cansrssh IV\i«sas j. 

224 

Cervsie (csJer Areas, Her 

j Entjlaa;*, 

512 

CKspoEtae. Aec: ’is- 

. 41.1 

deca, Secale.Tnaeeal 

1 Pseciajj, 

561 

Brer'XJk - 

132 

C<rfsl-nut, 

^ <4 

’c;aiK-.=. 


C.r«'op3«, 

127 

CSierephyChSi, 


1 Pce^ms, • 5,>5, 555 

E:y4.p’‘e, 

175 

Actaeafn*. 

- 474 

Se’erot n^A, . 

264 

Pe'tecwpe'ra, 

1.14 

C-ae«nu, 

. 410 

1 Crata. Pcecaaa, 

S.\> 

PUfSJopMa, 

151 

Prctc-aree#, • 

• J3j 

Ctrerssuu Accdicrs, 

552 

PTf^osiy*.--*, • 

141 

Pce«.£li, 

54'1, 5^0 

Brest.*. . 

1S2 

ru«ia.s. 

5.53 

Chssseaypss'^ 


C-.rtasi, AediLcsj, 

4.t.) 

Spi'se^rtie^ 

175 

GrisEfisporaana 

o. 

j MelssipK**, . 

570 

Srsfhrtnsn, 

li'i 


4.11, 40-2 1 

j Pcec.sis. 

561 ; 

Ccsi'er*. .4c*n«N 

457 

re«*a!n=~«, . 

• 404 

ClrsSts, AfO iiss. - 

551 

r>dtr3 Us 

2tS 

Chsa»~rps, 


1 Cr»*opsv. 

127 

1 P p’fxl a. 

472 

Actii>‘‘''2*elU, 

• 221' 

^ PhrrcB-tJCts, ' 

404 

Fosrata, 

.NM 

Grsp'- c3». 

ars S2S, 

Pcecicis, - 5\5, 

561 

Pe-e'aloros - 

404 

Chsacagls. Cy«*opas 127 1 

^mebrt^■sIa.• 

l(ri 

PhTtcphlhe-a, 

117 

Chi—p raoa Vise, 

- Ar2 ' 

CiSrcs |*ee Cltrc« ced cal 

PoJrp'rcs * 

452 

ChJin, Er'cphj-^, 

* 54x j Ctrss, CapacH* asi, - 


. . 

273 

Cheliarthas. 


CUd -«5po-tsia. 

oOO' 

Caslas. P>.ec.s a. 

.35.3 

Ccreo*p>rs, - 

.Mo* 

C«.llt*.nml:aia, 

4'7 

Cascpoiian. .\e«d =~-- 

4t> 

C\!*opajL, 

12»3' 

rVsd't'f '•e-aa. 

4C1 

Psectaia. 

5'5 

Pe’va - 

- 1.53 

Fc^snssi. 

521 

Cos«eTat ^a cf lIc^U 

21 

Chegi-=a=:, Cae^rai, 4 H ' 

Fc« *|v.~=a, . . 

521 

CcsraCarla. 


Cheaspoiiictae, 


Mc'^U,. . - 

I'l 

.^evjJia*". - "I"'* 

410 


- 152 

Pesj il’ sra, - 

I'O 

IXcJrojhosra, 

4(V 

rbc=-», - 

- 4Ci| 


4^4 

1 f f te-rv p-'.n = *^ . 

516 

Ch«a3p>i:a=i, 

1 

I’Ieo*po-\, 

221 

CcsrolTSlaceae, 


’(x' rtnaa. 

- 1I4| 

5}-*-ar-ell*, - 

215 

tVs’opa*, 

12; 

r^yl’ -• eta, . 

• 4’*5 

.'•p.-'-j »«{=. ==1. 

221 

CaaraTrsls*. J'c'xisis. 

511 


I rr’— rcrs, 537 C4yt.*~*t. lV"(*cci«pe-Ti. 1^1 

Cherry {.ee Pr-as* »nsn ' Cenitii. 

»a 1 I‘raa=i Ce-*«a») i lecj’ista, - 3 n, 


■n-edf'ho'Ti. • • 

Gcrrre ru-n 
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CoraUiorbiniM) corlnia, 9" 
Cork ('eeWooDd-cork) 
Cornus, Cryptomjcw, 21S 
Erysipbc, - • 175 

rh>Uosticta, • • -l&l 

Septona, • * 4TS 

Coiydalis, Aecidium, 410 
Caeoma, • • 419 

Entjloma, • • 312 

Pcronospora, - 134 

CoiylTis, Cnomoniclla, 224 
Mamuma, . • 224 

rhylbttmia, - 178 

Polyporas, • 4'59, 444 

Septoglocum, 49G 

Cotoneaster, 

ScUrotinia, - 261 

Cotton («e Gossypium) 

,, frcQchin;', ' 522 
Cottonwoods (SCO Populus) 
Ceneb grass (tee Tnticum) 

'}.(BeoVaccinuim) 

CruiterryJ 

Crataegus, Aetcroma, 470 
Fu«icladiuin, • 007 

G) inno<poraagiuin, 

3S3, 391, 197, 401 401 
Pestalozzia, 491 

Plileospora, 47S 

Podoaphaera, 174 

Polyporus, 450 

Poestclia, ,185, 397, 402 
Septona, 47G 

Taphnna, 150, 153, IGG 
Crepis, I’uccinia, 351 
Sjnclijtriuin, 109 

Cress (ace Lepidium) 

,, water(sccXasturtiuin) 
Croton, Aecidwm, 410 
Crowberry (acc Fmpetrum) 
Cmciferae, Cjatopus, 121 
Kryaiplie, 170 

Pcronospori, 131 

Plismodtoplion, 524 
Pjthium, IIG 

Cucumber (see Cucumis) 
Cuctunls, Bacteria, - 51G 
Cladosponum, 510 
Collctotrichum, 4''0 


Hyp! ochns, • • 42s 

Macrosponum, • SIS 

Peronosj»ora, - • 131 

Pythtum, • -117 

Scolccotrichnm, SOS 

CucuTbtta, Bactena, C1G 

Colletotnchunu 4S6 

Pcrono»port, 131 

Cucurbltaceae, Phoma, 4G9 

Sclerotinia, • 2G5 

Sphaerotbeca, 171 

Cupreesus, Agancus, 4*>7 

Gjmno«porangittin, 401 

Pcstalozaia, 404 

CupuUfeiae, 

Mycorhisa, - 9J, 04 

Cycads, Anabacna, 544 

CIa<losponuin, 509 

Cyclamen. 

Colletotncbum, 4SS 

Sepiorta, 47S 

XhiclaMa, )S1 

Cydonla, Bacteria, 511 

Cercoapora, 515 

Eiitonosponom. 4S0 

Gy ntnosponngiuH), S'^5. 

391.401, 401 

Ilendersonia, 475 

Ovuliria, • 500 

Pboma, 4CS 

Rocstcln, .191 

Spbacropsis, • 472 

Taphrina, 150. 154 ICS 

Cynaacbom, 

Cronartiuni, 14] 

Cynara, BaMinlari i, 502 

Cynodon. Pliyrllacliom. 229 

liUetia, 110 

Ustilngn, 2*14 

Cynoglossom, 

Ptronovpora, 114 

Cyperus, Scliinzia, 12l> 

Cjtltut Ccratophonim, 51 1 

Cucnrbitaria, 20G 

l>arliica, > 474 

Diplodia, 201 

Slicrospliaen, 17G 

Peronospora, 1 3.1 


Phyllosticta, • 4C3 

Pliysalcajora, - 2IS 

Uromyecs, 337, 3.1S 


Dactylls, Fntyloma, 312 
tpicllloe, • • 191 

Puccinn, 545, 34C 
Sclcrotiuui, . 2GG 

Tilletia,- • 310 

Uromyecs, • .136 

Sablla, Sclerotmia, 264 

Dammani,Pcrulcrmuin),417 
Damping off, IIC 

Dandelion (see Tanraetim) 
Daphne, Spbaerelh, 215 

Datura, Cereospora, 515 

Daueus,IlLCcro»plncrui,249 
Pboma, 46S 

Phsmopanv, 12S 

Poly ilctinus, 221 

PcotQRiycca, 13S 

I'.bizoctonis, 202 

Sclerotimn, 204 

Spondesmmin, 2*21 

Desmodlum. 

Microsphaon, 17C 

namuhm, 502 

Dentarla, Piicciiua, 150 

Dlantbus, Ascochyta, 473 

iKactenosis, 512 

Botrytis, .500 

b iisariuii) 522 

llctcrosponum, 51G 

Macro»i>orniin 518 

Pucciiua, 1G1 

Siptoria, 477 

t>oro»pnrium, 125 

Urocystis 119 

Uromyecs, til, tlG. U7 
Uttibgo, 297 

Volutelh, .520 

Dicentra \ieidiiini, 410 

Peronospora, ill 

Digitalis AseoelijU, 473 

Bamiilaria, ,502 

Dlgltarla (tcc Pnmcuin) 

Dill («ic Aiietlmm) 
Dlplacbse, Uttila^o, 2*1 
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Dipsacus Peronospora 132 Septoria 
Disposition Chap “V Sphaerotheca 

Domatia 93 99 540 Urelo 

Doronicum Puccinia 3G1 ^ entwna 

Do iblmg of Flowers 28 Epipljtos i 

Douglas Fir (see Pseu to Eplpogon Mj corhiza 


tsuga) 

Draha AeciUium 
Puccmia 

Dracaena UstiHgc 
Dry rot Meruli la 


Equlsetum Pytl mm 
41(1 ErantMs Accidiom 
359 Urotyatia 
299 Ergot (see Claa iceps) 
Ergotism symptoms 


Dryas D lymosphaena 218 Erica Hypoderma ‘>‘14 

Synchytri im 111 Leptosphaeria 221 

Durra (sec Sorgi nm) \enturia 21S 

Ericaceae 

_ Lxobasilium 4*3 42" 

G9 Mycorliza DS 

II jni (see also t accmmm) 

Endopljll m 404 grigeron Aecidiiim 411 

Eownoojstls B.iJophopi 127 

rcronospora 131 putyloma 312 

Bainospenoum Fnksson on Cereal p M, 

leronospora 134 gj 3q> 3^5 

Ectotropl c mycorl ira 94 Erlopherunt 
Egg plant (sec Solanum Leptostroma 4S0: 

Melongena) ruccinia 352 3 4 

Elder (set Sami) icus) Eryngium Eotyloma 312 1 
Beaguaceae ^lycorl iza 9J Ptccna 349 

Elm (see Ulm is) Erythraea Phyllobinm 5 1 

Bodea Chlorocl ytrium o 0 Eucalyptus 


Bymus 

1 IICCII Is 34 34S 3 1 

LatiHgo 293 

Empetraceae 
Empetrum C 
Clrysoi ij 
MeHsii IS 

Ioln«placra 1" 

Rhjlia a 24r 

S lerot I n CfO 

I n loj 1 yte* 8 II 

Inloiropli Mycorl iza 03 
Inryic« 3 37 

Epacrldeae Mycorl tza os 
phedra 1 cri lernii itn 41" 


Di lymosphaeria 
Pestalozz a 
Ustilago 


1 t Euphorbia 

24r Aceil m 21 410 

2(’0 Lnloplyllaii 493 

1 1 1 iisicia 1 nm SOS 

03 Ixijtostroma 4SO 

37 Melaroisom 3 0 

I cron spom 13. 

41" I BStnel a 403 

Uromycca 331 33< 33" 
3"0 Euphrasia 

131 Ldcftsporinm 3T 

311 Till nrein a 3 I 

Vr. 1 soasccap | arasitlc 1 1 1 


Fagopyrum 

Phytopl thora 11" 
Eamulana 502 

Fagus Actinonema 4 4 
Agaricus •151 

Hydnum •15“' 

Myxosponum 480 

Nectna 155 

Pestalozzia •153 

rhyllactiDia 1"5 

PI ytoplithora 
Polyporus 43o 444 4^ 

Quaternam 220 

Slime flux 143 141 
Fennel Rhizoctoma 20“’ 
Ferments 2 10 So 37 
Ferns Cryptomyces 24S 
SphaercIU 

Taphnna 29 U9 153 
Ured nopsis 141 4‘’0 
Urobasidmm 4*’^ 

Festuca Isana 51® 

Puccmia 34o3l9 3 j 4 
Tilletia, 310 

Droeysts 3l6 

Ustilago 253 

Ficus Cercospora 51 > 
Urelo 4’0 

Ustilago 200 

Finger and Too S'*! 

«■ > * I o «oo A1 es) 


e 20 

I lux of Trees 

riy M 00 1 430 

Forests close and mite 1 60 

Fragaria Ascochyta 4 3 
leronospora 1*11 

I am hna 214 

SphaerclK 214 

‘syncl ytrmni lH 

Tl ecij 1 ora 

Fraxlnns Actinonema 4"4 
A. 1 1 urn «1® 

\8cocl } ta 4 3 

lUcUri. 5.33 
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Cercospora, • 

515 

ItctcTo^pliaerin, 

rsfr 

249 

1 picbloi.. 

101 

Cjlin<lro«ponum, • 

4S9 

Mycorbiaa, 

97 

Lrysipbt, 

175 

Hjstcrogriplimm, 

211 

Ibiccinia, 

141 

rxobasiiliiini, 

427 

Pcstalozzia, 

401 

Sclcrotinia, 

2CS 

t usnriiim 

520 

riijllactmia, 

ITS 

Geranlaeeae 


Isina, 

519 

Pols poru«, 4'10 444, 44 ■>, 

Splncrolbcca, 

171 

Mastigospornim, 

501 


4’)2 

Geranlutn, Botrytis, 

2C9i 

Oidium, 175 

, 499 

Scolecotrichum, 

10b 

Coloroa, 

193 

Opbiobolus, 

222 

Scptogloeum 

40b 

Plasmopara, 110, 111! 

Phylhcliom, 

229 

Septoria, 

47S 

I*uccinia, 

3)0 

Puccinia, 341 340 

FrltiUaria Urotnicca, 

ns 

IlamMlana, 

502 

Scolccotrichuin, 

503 

Fruit rot. RS. 115, 170 

Stigmatea, 

210 

1 Septoria, 

477 

Fungi, patliogenK, 

101 

Synchytnum, 

109 

Ustilago, 2SS, 30G 

,, ctassiRcation, 

105 

Tnburcmia, 

322 

Grape (sec \ itis) 


„ heteroccioua, 4*i 

74 

Uromy ces. 

114 

1 Grape fruit (see Citrus) 



111 

Ventuna 

218: 

Grasses (see Grammeae) 

,, in fodder, 8o 

30G 

Geum, Uepazea 

405 

Grass mildew. 

175 

,, sexuality, 104, 135 

Peronospon 

134 

Gumming 211 491 

53S 

Fungicides, 

6S 

CUla Aeculiutn, 

411 

Gunnera Nostoc 

141 

Fungus digesting plants 

Puccinia 

355 

H 


02 07 

Oladiolos. Urocystis, 

310 


.. calls. IS 25 32 31. 

Olaoz Aecidium 

330 

Habitat races 

132 

40, 

, 300 

Gleeboma Puccinia 

101 

IIiiI Mounds, 01 78 

, roots. 

01 

I amul ina. 

50-2 

1 Hallimascli, 

455 

, traps 0. 

2, 97 

Oleditsebia, Cercospora, 515 

Hartig s, R , chief uorbs 37 


GlycerU. 


llaustoria 8, 10 12 

0 


riadocbylnutn. 

114 

Hawthorn (see Crutaegus) 

Gagea, Puccioia, 

3o0 

Clai iceps 

)D4 

Hazel (see Corylus) 


Sjncbytrmm, 

111 

Ustilago 293 

294 

Heart wood antiseptic, 6 7C 

Uromyces, 

33S 

aiycyiUlza Uromyces, 

317 

Hedera Ascochyta 

471 

Ustilago, 

299 

Gnapbaliuni, F ntyloma 

312 

Bacteria 

533 

Calanthns Botrytis 

500 

Ool len rust. 

34S 

Cla losponum 

510 

Cacoma 

SOS 

Goodyera Mycorluza 

97 

Septona, 

478 

Sclcrotinia, 

270 

Gooseberry (sec Ribes) 


Sphacrella, 

215 

Calega Uromyces 

317 

mil lew. 

171 

1 ermiculana 

471 

Qaleopsis Pliyllosticta 40 1 1 

Cossypium Cercospora, 

, 111 

Hedysanim Uromyces 

33H 

Galium Melampsora 

J70 

Colletotnclium 

4S7 

Heleocbaris Cla^ iceps 

195 

Melanotaenium 

114 

Fnsanom, 

522 

Heliantbus Plasmopara 

131 

Pliacidium, 

241 

Macrosporinm, 

518 

Puccinia 

340 

Puccinn 141, 3o9 

301 

Ramulana, 

502 

Ramulana 

502 

Synchyt'-ium, 

in 

Sphaerella 

214 

Sclerotinii 

261 

Qaultberia, 


Uredo, 

420 

Helicbrysum, F nty loma 112 

Sj nchy tnuni 

109 

Coord (see Cuenrbita) 


Inelleborus 1 amuHna 

502 

Genista 


Gram smuts Cl 

2-21 

1 Urocystis 

31G 

Di lymospliaeTia, 

21S 

1 (see also Ustil'igmeael 

Helosciadlum (see Ipium) 

niiizol imn, 

101 

Gramlneae Ascochyta 

471 

1 F ntyloma 

312 

Uroiiiy ces, 

117 

CIa\ iceps, 

101 

1 Ilemi parasite 3, 

4. G 

Gentiana Botrytis, 

2 rs 

Dilopbia, 

222 

Ilcmi saprophyte. 

3, 4 

Cronartium, 

3Sl 

Dilaphixpora 

479 

Hemp (see Caiinal is) 
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Ifemp canker, • • 205 

Eepatlcae, Nostoc, • 5-17 
Schuophjceve, > 540 
Heradeum, 

Heterospluena, • 249 
■Prolomjces, • ■ 

Puccinii, • 340 1 

Tapliriiiaj « 151, 154 1 

Ilcteroecisni, - 4”), 3U| 

Eleracium, Knt} Ionia, 312 
I’uccinia, • • 351 


Hlppaiis, Uromjces, 310, 
Holcus, IVccima, 

Uilletin, 

RoUyboclc (acG Althaea) | 
llolos ipropli^ tcs .1| 

BoJosteum, U»tila 4 .o, 297 
Homogyne, I'uccima, o’ »9 1 
Honey <lew^ . ISl, 19ll 
Ilonej fungus, * • 4 >5 1 

EoaeysueUe (sccLoni 
cera) 

Rop (see Ilitinuhu) 
Hopmililow, . . 171| 

Bordeum, Cryaiplic, 175] 
Kclinintliosporinm. 

221,5121 
Homiotlciidron, • OOI 
I’homa, . . . 407 1 

Pnociuia, . 34'), olS, 
Tillctn, . - 110 

Ustilago, . . Us*) 

EornbeaiQ (»cc Carpimu) 
Eorse radish (see Armor 
acja) 

EoCtonU, Doisiiiitii, 12( I 
Hot untcr etcnluation, Coj 


EumnluB, CapnoJiuni, Hi | 
Oiclium, . . 4'!') 

'•phatrotlicea. 17l 

Eyaclatli <»eij KtIJi ) 
Ilydrangea, viptoru, 47s | 
nyperteum, 

Milniiip,ora, • - 170 

Hypnuci. 

.*' Ct ) tiof >, j ,|, a , r ,,, , v-n 

JlTpocboerts , 

f.'amHl«rts, • • V)Uj 

iiypopitr*. Mjctrhui. in; 


I j faob 

'Iberls, PMsmodiopbora, 524 
Hex, Diplodia, . • 472 

Impatteos, Depozea, 4G5 
Plismopara, > . 131 

PacciQia, > . 350 

imperata, Ustiligo, * 209 
Indian Corn (sec Zei) 
InilivnlnstioO, - - 87 

Infection methods, 51, 58 
Insect diseases, . 8,115 


Inula, Coieosporium, 

37(3 

Iris, Aecidium, . 

411 

CHdocliitnuni, 

114 

Hehnmtbosporium, 

513 

Puccinis, 

355 

Scliinzia, 

336 

Uredo, • , . 

420 

Isepyrum, 


Syncbytrium, 

112 

(sec Ilctlers) 


Ivy csnler, 

513 

J 


Jaslone, Pucemis, 

3’9 

Jsuscli, 

4S4 

Jensen a inetliotl. 

C(. 

Juglaas. Botrjlis, 

HO 

ClaiWiwruittj, 

510 

Fotorrhun, . 

12i, 

Mersonia. 

4'il 

Mjcn«!reinn, .. 

497 

IVfiicilhunr, . 

ISO 

Septoris, » 

478 

JuncUS, Ibiccinia. 

.I'M 

1Ui>ti»ins, 

‘240 

Sklimzis, 

,120 

Tolj j)««j>ofiuni. 

J0,> 

UrOcjslis, 

.1H 

I’ri’nvces, 

1h5 

Ustilago, 


Jongermanuiaceae. 


Trentei**»lilw, 

.Ml 

Jusjpema, Agancu*, 

V,7 


J70 

Ctvitrrosponnin, • 

.111 


Uothidea, • - 230 

Gyninosporangiuro, 3s4, 
S'fO, 391,395, 401 403 

Hendersoma, • 
Herpotrichia,- 
Lophoilerminm, 
Ptslalozzia, ' 
PJeospora, 

Poll porus, • 
Stigmatea, - 


itrium, 
hjtrt, 473 
Peionospora, • 2S, 13- 

ITstilago, • - 

Koeleria, Puccinis, • 3.'44 
KohtUeroie) or Krepf. 524 

L 

Lablatae, Er^sirhe, ■ 
Puccinia, • • 341 

Laburnum (see C^tisns) 
lactuca, Batr^tUj • SOO 
Bremn, * * * 

Pnccinia, • *^40 

Septona, • *47* 

Lamlum, Otulatia, • 5CH 
Lampsana, Puesmis, - 340 
Rftniularia, • • 502 

Larcb (sec I.arix) 

.canker, • • ■ 

Larix, Agancus, • 4 >7 
Cicoinn. ' 3tjh, 307 , 410 

. 271 
. .'>16 
. 214 
212 
. 210 
. ISS 
20. 271 
119. 4l2 
- 2U 
. 4->3 
•'3t4 


P IV tVpha . • 
Ifetcrosponuw, 
ll^ jifKlcrmclls. 
I/opt«>stroiiia, . 
Lopliodernuuni, 
Jvectris, 

I ’ ezirs , • 

I’ol^ poms, 
Sjihscrcll 


Trii 


lies . 


Latbynii, Disclmra, 

I’tnujo*; ora, • 
TJn-cnpIion, • 


Urt ) in^ii 


. . 131 , .131 
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Laarus, 

ExobatidiuiTi, 31, ■127 1 
Leaf cast, • • 2^G 

Ledam, Chrj som} xa, 379 


Exobasidium, • 427 

Sderotinia, • • 2G3 

legumlnosae, 

Erjsiphe, • 175 

Mjcodomatia, 101, ')24 
Mjcorhixa, • • 99 

Rarenelia, - 403 


Chlorochjtnum, 549, 550 
Chlorosphaera, 54S 
Contuella, 322 

Fndoclonium 651 

Olpidinni, 107 

I'jtbiutn, 117 

SeoUnosphaera, 550 
Lemoo (gee Citrus] 
Lepldlost, Aecidium, 410 
Cystopus, 126 

rerOQO'pora, 133 

Lettuce (sec Lactuca) 
libeeedrus, 

Gymnosporaugium, 401 
Lichen symbiosis, SO 

Lignificationof cell walls 37 
Lignm destroying fungi, 38 
Llgustrum, Aecidium, 409 
Caeoma, 419 

Ccrcospora, 51o 

Glocosporium, 4S5 

Lilac (see Synnga) 

Llllnm, Aecidium, 349, 410 
Botrjtis, 26S 

Pcrono«pora, 13> 

ScIerotiDia, 268 

Uromyccs, 338 

Lima bean (sec Phaseolus] 
Lime or Linden (sec Tilia) 
Limnanthemum, 

Aecidium, 352, 410 
Stomatoebytnum 5^ 
IJmosella Doas«ansia, 324 
Linaria, I-nt>Ioma, 312 
Melanotacnium 314 
Perono«pora, 134 

Linnm, Melampsora, 3CO 


Peronospora, 

Liriedendron, 

Ccrcospora, 

C> liDclrosponum, 
Leptosphaena, 
litbospermnm. 

Synch) tnnm, 
LoUum, Fnsarium, 

0\ alana, 

Puccinia, 34 

Thecaphora, 

Tilletia, 

Ustilago, 


Lanleera Aecidium, 349, 409 


Anthostoma, . 226 

AscocUytii. 473 

Didymoapliacna. 218 ^ 

Lastobotrys, 182 1 

Leptotbyrium, 479 

Microsphaera 170 

Nectria, 1S5 

Phyllosticta, 4C4 

Venturia, 218 

Lophantbos, 

I’eronospora, • 134 

Lotus, Ovulana, • 501 

Uromyces, 33C 

Lucerne (sec Afedicago) 
Lupinus, Cercospora, 515 


Cryptosponuoi 489 

Frysiphe, 175 

Pytbium, 117 

ThiclaMa 182 

Uromyces, 337 

Luzula, Pbyllacbora 229 

I’nccinia, 3o2, 3>4 


Uxocystw, 316 

Uslilago, 294 

Lychnis Orulana, 500 
PucciDia • 340 

Septona, 478 

Sorosporinm 325 

Uromyces, 337 

Ustilago. 27 297 

Lycium, Microaphaen 17C 
Lycopodinm Pythium IIC 
Lycopus Aecidium 411 
Lysimaehla Aecidinm 3->l 
Phylloliam, V.l 

^yncbytnnm, 111 


UagnoUa, I'estalozzia, 494 
Mahonia, Aecidium, 341 
Maize (tee 7ca) 
Majanthemum, 

Aecidium, 349 

Malachium, Uatilago, 297 
Maladic digitoire, 524 

Mai di gomma, 521 

Mallow (see Malva) 

I Mai nero, . 202 534 
I Malva, Ascochyta, 473 

' Cercospora, 515 

Phoma - 4b9 

Puccmia 3i9 3G0 

Mandarin (sec Citrus) 
Mangel Wurzel (see Beta) 
Mangold (see Beta) 

Manure and Fungi 07, 279 
,, riasmodtophora, 528 
Maple (see Acer] 

Maranta, P picbloe, 191 

Matthiola 

. PJasmodiopbora, 524 

^Hedieago 

Peronospora 133 

Pseudopeziza 2<) > 

I Bbizoctonia, 201 

I Sderotinia 265 

Tilletia, 310 

Uromyces 330 

Medlar (see Mcspilus and 
Amelaiichicr) 

Melampyrum Aecidium 349 
(yoleosponum 37C 

I MeUca Puccinia 346 

Melon (see Cucumis) 

Mater (see Cueumis) 

I Mentha C3adochytrium 114 
I Endosphaera, 351 

I Puicinia, 341 

Menyanthes 

Cladocbytnum 114 

Mercurialls 

I Caeoma 367 419 

I Cercospora, 515 

I bynclijtrium 113 

Mespllns 

' Fusieladium, 508 



4 ' 




P. ‘^•ospoio., - 




•'W 






-7 ywcinia, 
5ynchytnum, 
*^/;/oJea, Ceicospora, 
jljj Cycloconmin, 
Poly ])orus, 


109 

515 




218 

340 




ifjo* 






JS. C4 
194 
- 520 


' /jffrto". ^ 

.- .. pjjymosphaena, 

^ ^^/jryrrWs, Puccjoia, 

/ N 

Kardssos, Poccioia, 
Kardus, Cla\ iceps, 
NarthecJam,EntyIoma, 313 
Nasturtium, Cystopus, 12u 
Nebbia nera, - 484 

yeetlle cast, 211,236 481 
Neottla, Mycothiaa, • 07 

Nepeta (sec Giecboma) 
Neptirodlum (see Ferns) 
Nerium, Capoodmm, 181 
Cercospora, . - 515 

Nicctlaoa, Ascochyta, 473 
Bacteria, 

Erjstphc, 

Otdtum, • 


202 


^orus. 11‘ctena. 
Cercoep"'"*- 

Chdodotnuin, 

Piplcwln. 

Oililwrflla, 

IIcIi>.obasi<1nim 
Xcctria, • 
riilco«pora, 

I’oly porus, 

'*t|ito^loeutn, 

SpI.iorelK . 

Mountain Ash (icc I’yrus 
(Sirbuo] Auctipma) 
Mucita^'e flux, • . i4j 

Mulberry (»ro Monn) 
Mulg-edlnm, I’uecinm, 3io 


i. 478 


521 

521 

1S2 

349 


4D'J 


4C4 


1 croiiospora, 

Phy llosticta, . 

Xucleus parasites 

Niiile. . . 

Nuphar,Accidinni, 3 »2, 410 

8S, <12 


Js’utricism, 
Nyctaglnaceae, 
Perono^pora, 
Nymphaea, 
Accidiuni. 

J ntyloma. 


13- 


Twig galls, • • 532 

Oleaceae, 

Hysterogiapluum, - 212 
Oleander (see Xenum) 

Olive (see Olea) 

Rogna or lAJupe, • 532 
Onion (sec Allium) 

Onion rust, • 311, 335 
Onobrychis, Diachora, 230 
Thielat in, • ■ 183 

Uromyces, • ■ 137 

Orangre (see Citrus) 
foot rot, • 
ma] ill gomms, 
sooty mould, • 

Orcbldeae, Aecidiucn, 
Cacoma, • • 363, 419 

Oloeosporiutn, • 4S5 
Mycorliira, • 
Omltbogalum, 
Heterosponum, 

Puccmia, 

Urocystis, 

Uromy ccs, 

Usttlago, 

Orobaacbe, Urocystis, 

Oryra, Piricularia, 

Sclerotium, • 

Tillctia, • 

Ustilaginoidea, 

Ostrya, lophrina, 150, 154 
Oralis, Spliaerella, • 215 
Oiyrla, Puccinii, - 1.*» 
Ustilago, 


352, 410 
313 


07, 09 


516 

350 


319 

5ai 

200 

310 

311 


. 29S 


P 


I vMfc IU»t lUlIgtts, 


Pa»oala, Cronirtium, 
Palms, Collctotricliiim, 
tJrajliioh, 
1‘istalozzin, . 

1 helcphora, - 
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Pandanus, Ccplialcuros, S53 I'hyllosticta, • • dG1 Flcea, Acci<1ium, 377> 

Ncctna 18S Puccinii, • • 335 370, 407)410 

Fanlcnm Pjtlnuin, 110 Sphacrotheca, 17- Agancua, • 457 

Tolj posponum, 300 Taphnna, 150, 151, 105 llarclayelU, • 171 

Uatiligo, 250,201,201 Pelaaltea, Accidium, 118 Cliryaomyxa, 379,380 

Papaver, Lntyloma, 112 Coltoaponum, 177 IIcrpotricli:a,» IDD 

Pcronospora 131 Colcroi, • 105 Lopliodcrmium, 217, 210 

Faplllonaceae,Ptyeiplie,175 Fetroaelinnm, >Iycorlii7a, • 03 

Pcronospora, 112 llcterospliacria, 219 Naevia, 23S 

Parasites, 1 3, 7, 14 Plasmopara, • 128 Ktctna, 18S 

cUssification, 3 I'occmla, 131 I’cnilcnniuTn, 410, 417 

mode of life, • 7 Septona, 477 Pcstalorria, 491 

Paris, AcciJium, 319, 410 Petunia, Pojyporus, 440 450 

3l5coilii2a, 32 I liytoplitliora, 122 Scplons 475 

Tuburcinia, • 321 Scltrolinia, 204 Trnmctea, 453 

Uroeyslis, 310 Peueedanum, Trn-lmspliiena, 197 

Pamaaala Aeeidium, 332 Puccmia, 153, 359 Plcrls, I ntyloma, 112 

Uromjets, 311 TapUrina, 151,154 I uccinia, ♦ 335 

Parsley (ace Pctroaelinum) Phalarla, Pllea, I'hytaphjsa, 654 

Parsnip (ace Pastinaca) CUdochytriofn, • 114 pimpineUa, 

Partridge vood, 411 Puccinla, 310,319 Puccmia, 310,350 

PaapalUB, Uatilago, 291 Scicrotium, COO Thccaphora, • 327 

Pastinaca, Ccieosi>ora, 014 Uatilago, 294 pjae (ace Pinus) 

Cerco8i>orella, 003 Pbaaeolua, Ascocbjta 473 ,, Cembmn (see Pious 

licteroaphaeria, 219 Bacteria, 019 Cembra) 

Pea (set Pisum) Ccrcospora, • 615 ,, Mountain (secPinus 

Pea rust, 331 ColletolncUnm, 480 montana) 

Feacn (set Pcrsica) Isariopsis, 520 ,, Scots (sec Pinus 

curl, . ICj Phylloslicla, 404 sylvcstris) 

frosty mildew, 501 Pliytophthora, 122 M c>moath(scel mas 

rot, 497 Sclerotinn, 204 Strobos) 

Fear (ace Pyrus communis] Uroioycis, 314 Pine twister, 301 

bligbt, 531 PbeBopterts (see Perns) Plngulcula Uatilago, 297 

Pedlculaxls, PblUyrea, AcciJium, 410 Pinus Agancua, 4 >7 

Aeculium 151, 410 UreJo, 420 l.runchoratia, 481 

PenlclUarla Pbleuia, Ppichlot, 191 Catoma, 301 

Toljposponum 100 Puccmia, 313, US Cenangium 2ol, 4S1 

Pennlsetum bcovossia, 111 FUox, Acci linm, 411 Clailoaponiini, 509 

Fentstemcn, Accidiutn, 411 Puccmia, 355 Cucurbitana 210 

FepUs Fndospbacra 531 Pboenis (see Palms) F laphomycea, 181 

Feridarmlum, Phragmltes Claviceps, 191 Gyinnospjrangium, 190 

Tubcrculina 127 llclrointbosponum, 510 Lophodermium, 210 

Fertlca (ace also Prunna) Napicladinm, 510 Melaiupsora 304 

Ccrcoapora, 511 Puccmia, 3)9 Myeorhiza, 90 

Ccrcoijwrclla, '<03 Uatilago, 291 Peridcrmiam 170 

CIalo8i>oriiim, 310 pnyUanttina Rasenelia, 401 332,411 4IC 

Oaatcrnaporium 511 Pbytennia I lioma 400, 4^H 

Gloeoaporium, 482 Coleosi>onnin, 377 I’oljporua, 449, 430 

Monilia, 497 Uromjcee, • - 33S IJiirina, 273 
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Mespilns, 

Gymnospoirangiuni, 

331, 397 

Itucor, - ISO 

Oiclium, - • 499 

0\ulam, • 261, 560 

Peincilliuroi - 

PcJospInera - - 174 

Ileum. Tiiphragniiun), 362 
Mignonette (see IJeaeiU) 
Mildew, powdery (see Ery 
alpheae) 

,, false (sec Peroiio 
gporeae) 

Miliuin, Pnccmia, 345 

Tilletia, . 310 

Millardet'a Mnes, 82 

MUlet (seo Pamcum and 
Sorghum) 

Mint (see Mentha) 

Mistletoe, • • 18, 04 

MOluia, CIiMceps, 194 

Fua'irium, • 520 

Neo>os3]a, - 3U 

Puccinw, • 349 

MoQOtropa, 

Jlycorhua, 87, 93 

Urocystia, 119 

Monokcny, 

Morbe bianco, SOi 

Morus, IJactcrja, C14 

Cereospora, 515 

Cladoch) tnum, 114 
Diplcxln, . 472 

flibl'crclla, l8i 

Jlcheobasirlmm, * 429 

Ncctria, • • - 18" 

Phlcospora, • • 4"S 

Poljporos, 

‘'ej'togloeuni, • - 490 

‘'plncrella, • 215, 47S 
Mountain /sh (««. p^ rus 
(S<>rliuaJ Aucupiria) 
Mticihe,p flux, • . 142 

Mulberry Momjs) 
Mulgedlum. Puecinia, 3J0, 
Mummitlcitionof fniits, 
Masa, riijMlcrti«ora, • 21S 
tlatca.Tt, (/rocjstia, .110 


Uroroyecs, - SIS 

Ustdago, 299 

JIj cocecidis, * 25 

My codomatia, 93, 99 
Mycorliiza, • 32, 93 

Mymsotis, Aecidram, 411 
Entyloma, ' 312 

I'eronospora, 1 34 

Synchytnum, 111, 113 
Myosuras, Peronospora, 114 
Mynca, Eamnlaria, 502 
iVanfeia, • 101 

[ Myncaceae, 

I Mycmlomatia, 99 

Myncaria, 

pidymosph lena. 318 
[ Myrrhia, Puccioia, 340 

N 

Narcissus, Pucciua, 359 
Nardns, ClaMceps, 194 
Nartbeclom, Entyloma. 313 
Kasturttutn, Cystopus, 126 
Kcbbia nera, • • 434 

Needle cost, 311,236 4SJ 
Neottia, Mycorliiza, - 67 

Nepeta. (sec Glechoina) 
Neplirodlom (sec Perns) 
Nerlum, CapQodium, • 181 
Ccrcospora, - - 513 

Nlcotiana, Ascochyts, 473 
Jlxctena, - 535 

EtysipUc, 1"5 

D<diuni, • - 496 

Peronospora, . 134 
Phy llosticto, ' 404 

Nucleas pansilcs 32 
Nuilc, • .. . 503 

Nuphar, Accidium, 353,410 
Xotncisni, ^ 83, 02 

Nyctaginaceae, 

Perono^pora, 13.5 

Kympbaea, 

' Accidium, « 352, 410 
/ntyloms, > 313 


OaK (See Quercus] 

(lak root fungus, • 300 


rgQE 

' Oat (see Arena) 

Oenothera, Aecidiuro, 411 
Perobospora, ' • '“4 

Puccjnja, • 
Syncliytrimn, * 

Olea, Cercospora, • 515 

Cydoconiiim, 

Polyporus, 

Twjg galls, ' • 

Oleaceae, 

Hysterogiapbiutn, • 

Oleander (see Nenura) 

' Olive (see Olea) ^ 

I Rogna or Loupe. • 

Onlon (see Allium) 

[Onion rust, 

' Onobryclils, Diaclmrs. 

Th.eU..», • 

, Uromyces, - ’ 

I Orange (see Citrii*) 

foot rot,' • ' 

mal di goBBia, 
sooty mould, • •*' 

Orchldeae, Aecidiuo. 

■ 309,410 

Gloeosponum, ' 4^ 

Jlycorhiaa, • 

Omitbogaiuro. 

Heterosporium, • 

Pucemn, ■ 

Uroeystis. - ' 316 

Uromyces, • * 

Osfilagb, * 

Orobanche, Urocystis, 31 

I Oiyaa, Pirjoulans, 00. 

Scicrottam, • - 

Tilletia,' • - 

I UsliUgiOQitlea, • 3'* 

Ostiya, TaplirJna, 150, 151 

' Oxalls. Spliaerclla, 2*5 

'Oxyria, Puccin'a, * 1»o 

Ustilago, • • 

^Pasonla, Cronartium. *1'6- 

' Palms, Oollctotricfuim, 4S5 

(.’rij Iiiofi, * * 3*‘ 

Pistalnxzm. ■ 

Thclepliofa, • *-* 
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PandiBQS, Ceplialcuros, 553 
Nectria, • 

Fanlcum Pjtliiacn, IIG 

To\)posponum, 30G 

Ustilago, 2S9, 291, 293 

Papaver, Lntjloma, 312 

PeroHospora, 133 

PapUlonaceae.Er} s]plie,175 
Peronospora, 132 

Parasites, 1 3, 7, I'i 

classification, 3 

mode of life, 7 

Paris, Aecidium, 349, 410 
Mj corLiza, 32 

Tuburcima, 321 

Urocjstis, 31G 

Pamassia, Aecidium, 3o2 

Uromyces, 334, 

Parsley (see Petroselmum] 


ParszUp (see Pastinaea) 


Partridge wood, 

431 

PaspalUB, Ustilago, 

204 

Pastlnaca, Cctcospora, 

514 

CcrcoBporella, 

503 

Heterospbaena, 

249 

Pea (see Pisum) 


Pea rust 

334 

Peach (see Persica) 


curl, 

165 

frosty mildeu , 

503 

rot, 

497 


Pear (sec Pyrus communis] 
blight, 531 


Pedlcularts, 

Acciliiim 3 j 1, 410 
PenlclUarla 

Toljposponum 30C 
Pennisetum,Xeo\ossia, 311 
Peststemon, Aecidium, 411 


PepUs, Fndosphacra 551 

Peridermitun, 

Tuberculina, 327 

Peratca (see also Prunus) 
Ccrcospora, 513 

Ccrcosporclla, 503 

Cladosporntm, 510 

Clastcrosponum, 511 

Glooosponum, 4S2 

■Monilia, 497 


Phylloaticta, 4G3 

Puccinia, - • 335 

Spbaerotheca, • 172 

Taphnna, 150, 153, IGS 
Petasltes, Aecidium, 348 
Coleo«porinm, 377 

Colcroa, • 105 

Petroaetlnom, 
Jlcteroapbacna, 249 
Plasmopara, • 12S 

PncciDia, 353 

Scptona, 477 

Petunia, 

Pby tophtliora, 122 
Sclerotinia, 2G4 

Feucedanum, 

Vuccinia. 353, 359 

Taplirina, 151, 154 

Pbalarts, 

Cladochytnum, • 114 
Puccinia, • 345, 340 
Sclerotium, 2CC 

Ustilago, 294 

Fbaseolus, Ascochyta, 473 
Bacteria, 539 

Cercospora, 515 

Coltetotnclium, 4SC 
Isariopsis, 520 

Pb> llosticta, 4C4 

Phylopbthora, 122 

Sclerotinia, 254 

Uromjces, 334 

Pheecpterls (see Ferns) 
Fliiliyrea, Aecidium, 410 
Uredo, 420 

Fhleum, Fpichloc, 191 
Pnccima, 345, 34S 

Fniox, Aecidium, 411 

Pocaoia, 3 p5 

Fboeniz (see Palms) 
Fhragmttes,ClaMcep8, 1D4 
lielnnnthosponuni, 61C 
Xapicladium, &1G 

Puccinia, 349 

Ustilago 293 

Phyllastbus Paienelia, 401 
Pbyteniaa, 

Coleosponom, 377 

Urom3ces, • • 33S 


Ipicea, Aecidium, 377, 


379, 407, 41G 
Agaricus, • 457 

Barclay eUa, • • 373 

Chrj soinj xa, 379, 3S0 

llerpotrichia, 199 

Lopliolermium, 237,240 
Mycorhiza, • 95 

>ac\ja, 233 

Ntctria, • 183 

Pen lermium, 41C, 417 

Pcstalozzia, 493 

I Polyponis, 440 450 

I Septona, 475 

Trimetes, 453 

Tnchosphaeria, 197 

Picris, Fntyloma, 112 

Puccima, 355 

Pllea, Pbytapbysa, 554 

pmplneUa, 

Puccinia, 340, 356 
Tbeespbora, > 325 

Pine (see Pinus) 

,, Cembran (seo Finus 
Cembra) 


,, MountaiD(secFiDus 
montana) 

„ Scots (see Pidus 
sylxestris) 

,, W cymouth (see Pinus 
Strobus) 


Pine tw ister. 

3C4 

Fingulcula Ustilago, 297 

Finus, Agiriciis, 

457 

Bruncborstia, 

431 

Caeoma, 

3G4 

1 Cenangium, 

251, 4S1 

1 Cladosponiim, 

509 

Cucurbitana, 

210 

Fldphomyccs 

I S3 

Gyinno«porangii 

im, 39G 

Lopliodermium 

240 

Melampsora 

SW 

My corbiza. 

9G 

Peridermium 

376, 

3S2 

411 41C 

Pboma, 

4CG 4rs 

Poly pnrus, 

449, 450 

Pliizina 

273 
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PAGE 


7AGE 

1 

tAor 

Pinus Sistotrema 

433 Cfadosponam 


510 

' ilycorhiza 

9S 

Trametes 

453 Penestella 


229 

Polj’porus 439 447 

Twig gaHs, 

532 533 Gloeosporinm, 


4S4 

Septona 

478 

drying np of t\v 

igs, 481 Pestalozzia 


494 

Slime flux 

143 

Pinus Cembra 

Polypoms 


445 

Taphrina 150 lo4 la? 

Cucurbitaria 

210 Flnza(seePmnns domestica) 


166 

Nectna 

188 plums pocket 

154 156 

Uncinula 

178 

Pendemiium 

3S2 415 plum mst 


3oo 

Fortulaca Cystopus 

127 

Finns montana 

poa Claviccps 


19o 

Fotamogeton 


Herpotnchia 

199 Eotyloma 


312 

Doasaansia 

3’4 

Hypodermella 

234 Epiehloe 


191 

Lnclospliaera 

5j0 

Melampsor » 

3G4 Puccmia 

345 

34S 

Potassium sulphide 173 4S4 

Perl Icrmiiim 

411 Tilletis 


310 

Potato (see Solanuin 

Finns sylvestris 

Urocjstis 


31c 

tuberosum) 


Agaricus 

457 UroTnyces 


336 

disease 

119 

Caeoma 

364 Pock ol ^ me 


484 

early blight 

517 

Hypoderma 

234 Podophyllum 



rot 

535 

HypodernietK 

234 Pbyllosticta 


460 

Stab 

617 

Lachnelh 

2"2 podospemim Puccmia 3^6 

Potato sweet (see Batatas) 

Lophodermiuca 

23 > FoleznoDlum Aecidiuiu 41 1 1 

|PotentiU3 Beloniella 

O06 

Melampsora 

3G4 polygonatiun 



Cercospora 

615 

Perl lermiuBi 

874 3*6 Aecidium 

349 

410 

' Cladochytnum 

114 

377, 331 411 

414 41a poly goneae Puccmia 

3oo 

Coleroa 

19j 

Phoma 

406 4rs Poiygonuio 



Marsoma 

491 

Polyporus 

430 Bostnclioneina 


501 

PeroDoipora 

134 

Trametea 

453 Ovularta, 


601 

Phr'tgmiJmin 

363 

Finns $trobus Aganciis 427 Pcronospora 


135 

Synchytrmm 

in 

fijpo lerma 

233 Pseu lopeziza 


2a5 

Taphnna 161 

, 154 

Pendermiunj 

3S2 415 Pecudorhytisma 


"aJ 

Pournture of Vine 

203 

Photna 

403 Puccmia 

la*’ 

3>a 

Powderj mildeu fsee 


Polyporus 

440 4a0 Rhylisma 


240 

rrjsiplieae) 


Tul erculma 

3‘’S Spl acclotbeca 


302 

Prenastbes Puccmia 

310 

PlptatHemiQ 1 nccinia, 346 Stigmitea 


211 

Primula Oiularta 

600 

Flstaela, Uromjces TI7) Uromyccs 


331 

PI yllosticta 

460 

Pisnm Ascocljta 

4’'3 Ustiligo 

20s 

209 

Piiccinia 

341 

Cla Insporium 

500 510 Folypndlum (see Ferns) I 

Tubiircmia 

321 

I rjsiplc 

l"5lloly<cny 


40 

Uroinyccs 21 

334 

Pt.ronos| ora 

1 32 1 Poplar (see Populiis) 


Primulaceae 


I jtl lum 

1171 Poppies (see Papai «r) 


Per nospora 

134 

T1 iela\ia 

183 Populas Agaricus 


402 

Privet (tec Lit istruni) 



JU AKoihjta 


473 

Proserptflaca Aic burn 410 

UatiHgo 

20" C ij no hum 


181 : 

Prunella Aeci hum 

410 

Flane<'<' lUlanusJ j Cla losj»ori«m 


no 

Attcroma 

470 

PlantaffO Accilini 

n 411 111 I>inosj hacrii 


218 

1 mull g 

77 

\ cronosj^ora 

nj Dipl ha 


4"2 : 

Pmnns \*co^I ora 

2lt 

I an uUrta 

'Oi I>otl lorn 

2IS 

249 

Xstcroma 

4"0 

Sjncl j tnnm 

111 Insi h him 


V)3 

Itotrjtii 

eco 

Till til 

*110 Mnmonla 


4)1 

Ccr«)»I orn 

on 

Platanni ( alon«tria HI' Milan jwa 

on 

V7 

ClaticrtMjionufn 

ni 
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nck rtOK PArE 

Corjneum, ill, 401 Mel%tnp«ra, 070 Gymnoaporangiuni, 

DcrmatclU 252 Mojulia, 201 3So, 3D1, 390, 401, 403 

OloeoBporjum, 4S2 t*olj»Ugtna, 100 Monilia, • 497 

^tonilia, 407 Sclcrotimv 201 Mortliicra, 210 

Oulinm, 400 TapIiriDa, 151, 152, 154 Mucor, ISO 

rh}llosticta, 461 Psamma, Uatilago, 291 Penicilhuni, ISO 

I’odosphacra, - 174 Pacudotsiisa, Agancus, 457 PhyllostJcla, 463 

Puccima, . 135 Botrytis, 200 Plasmothophom, 520 

Scptona, 470 Phoma, 406 Plownglitia, 231 

Sphacronema 231 Poljporus, 450 Podosphacra, 174 

Sphaerolhcca, 172 Tranvctcs, 451 Polyponis, 439, 444 

TaphriDi, 130 157,164 Psoralea, Acculiam, 410 Roetteha, 383,396 

Uncinula 178 Ptelea, Aecutmm, 410 Septorta, 476 

Prunas arlam and F Cercospora, 515 Sphacrella, 216, 476 

Ceia8QS,Asco3por\,21l Plerts (see Femsl Stigmatea, 210 

Calosphaena, 226 Pullcarla, Uromycea, 236 Taphnna, 150, 154, 16S 

Claaterosponum, 511 Pul3atllla(sec tUo Anemone) Ventuna, 218 

Coryneum, 211, 491 l\jectnia, 336 Pyrua Mains, Bacteria, 531 

Cjlmdroaponum, 4S9 Urocyalis, 116,317 Cladosponnm, 690 

Kusicladmni, 507 Pyrola, Chrysomyxa, 3M) Fusicladmm, 218, 507 

OnomoDia 222 Melampson, 170 Glocosporium, 482 

Manilla, 2C1, 497 Pyrus, \ctinooema, 474 Gymnosporangium, 

remcdlinm, ISO Aaieroma 470 385, 3S0, 891, 402, 401 

Phylloatieta, 463 Ilactcria, 511 IlendersoDia 475 

Plonriglitta, 211 Cymnospurangium, Hydoum 433 

Potlosphaera, 174 3S5, 3JI, 402 Monilia, 497 

I’olypofus, 439, 449, 4"2 llydnum. 433 Mucor, ISO 

Puccima, 353 Metampsora, 369, 370 Xectria, ISO 

Taphnna, 151, 15), 101 Ncctria, Ibo Oidium 173 499 

Prunas domestlea Pestalozzia 494 Penicillium, ISO 

Calosphaena, 226 I’olyponis 44o, 432 Phyllosticta, 463 

Cladosponum, 310 Koestelia, 383, 391, | Podoapluera 174 

Clasterosponum, oil 392 397, 402 Polyporus, 433 445, 452 

Cylindrosponum 4S9 Sphacrotheca, 174 Roestelii iS3, 301, 402 

llermatella 232 Pyrus (Sorbas) Aacaparla, Slune flux, 143 

Didymaria, 501 CucutbiUria 210 Sphaeropsia, 472 

Monilia, 497 Oymnosporangium, Sphacrotheca, 173 

Mucor, ISO 385, 391 Thelephora, 420 

Pemcilliam ISO Melampsora, 360 Aenluna 218 

Phyllosticta, 4C.1 pboma, 4GS 

Plownglitia, 231 Podospbaera 174 ^ 

Poilosphaera, 174 Polypoms, 444 Qnercus Agarieus, 457 

Polji>orus. 447 Roestclia 3S5,3s9,391,1')2 Aglaospora, 226 

Polystigma 1S9 Sclerotmia, 260 Bulgaria, 233 

IHiccinia, 1*>5 pyrus cominnnla Capno^lium 181 

Taphnna 151 154 161 lUctena 5.11 Ciboria, 270 

Uncinula 178 Jjitomospontiin 4^0 Cladoaponum, 510 

PnmusPadus A8teroina,470 Fusiclubum, 218 507 Clithns, 218 

Cylmdrosionum 4‘iS Gloeosponoiii 4S2 Colporaa 248 

2 r 
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Quercus, Corticiuni, 
Cycloconuim, 
Dermatea, 
Diaporthe, 
Eistiilina, 
Gnomonia, 
Hyilnum, 
Marsonia, 
Microsphacra, 
Microstroina, 
Myxosponura, 
Pestalozzia, 
Fezicula, 
Phyllactinia 


452 Rapbanus, Cystopus, 12G 
SOG Peronospora, 133 

253 Raspberry (see Rnbus) 

226 Reil iot(dueto Polyporeae) 
452 Reed (see Phragmites) 

221 Reseda, Cercospora, 515 
432 Peronospora, 133 

491 Rcsid, 62, 75 

176 „ collecting, 78 

497 , flux, 44, 458 

486 Rhamnus, 

494 Aeciduim, 346, 349, 3S7 

253 Cercospora, 515 


Mtcrosphacra, 

176 j 

Rheum, Aecidium, 

349 

Rblnanthaceae, 

Sclerodems, 

251 

Rbinantbus 

Coleosporiun), 

370 

Sclerotium, 

2CC 


Rosellinia 200 Scleroderns, 

SelerotiQia, 266, 270 Rbinanthus 

&!imG flux, 142, 143 Coleosporiun 

Sttreum, 429, 430 Sclerotmm, 

laphriiia, 150, 153, 167 Rhizoctonia, 

Thclephora, 429, 430 Hhizomorphs, 

Uredo, 420 Rbododendron, 

Qulsee (see Cycloiux) Apiosponuin 

rust (see Hoestclia) Clirysomyxa 

leaf blight, 4S0 1 xobasidiim 

blaciv rot, 472 Cloeosporini 


Radlsb (see llaphanus) 
Radish, borse (sec 
Annoracu) 
Ranunculaceae, 

1 rysiplie, 175 

Plasmopara, 1 10 

Ranunculus, 

ActKlium, Jt9, 409 

CUdochy tnum, 114 j 

Cjhndn>-*|)onuiii, 4S9 
I>]dymaria, Vll 

hiitjloma, 312 

1 -iliraca, J’li 

0\u1ana, VI] 

l’in»ios]K)ro. 131 

210 

Sjnchylnuin, 112 

Urocjatii, 310 

Unmij ceil, 3.10 3.37 

Rape (ire Itradca) 


) Apiosponuin, 181 

la) Ciirysomyxa, 377, 379 

4S0 1 xobasidiiim 427 

472 Cloeosporinm, 485 

llcndcrsoun 473 

Pcstalozzia, 494 

us) Sclerotinia, 202 

Synchytnum, 109 

Rbodopbyceae, 
rntoncmi, 5>5 

175 Rbus CLrcos|M>ra, 515 

110 ^Inrsonii, 491 

Sphacrothcen, 174 

119, 409 Taphnna, 151, 153 

114 Uromyccs, 317 

. 4S9 Rlbes, AccKlinm, 330 409 

Vll Caeoma, 30S, 419 

312 Cercospora, 515 

J’li Cronartiuin, 3S2 

Vll (•loiosjtoriuni. 4'< I 

131 I c{to«plia(.ria, 221 

210 Microsphacra 170 

112 1 ttyllosticta 401 

310 riiamoima 111 

TIO ^37 I'olypoms, 1'.2 

I 3^9 


' Sclerodems, 2o1 

Septoria, 476 

I Sphaerotheca 173 

! Rice (see Oryza) 

I Rlcinus, Cercospora, 515 

I Ring scale, +'’3 

RObinla, Aglaospora, 229 

I Dothiorella, 229 

' Nectna, 185 

Polyporus, 

Rhizobium, 111- 

btrickena, 204 

Root hypertrophy, 26 
„ tubercles, 99,101, 525,544 
j Rosa, Actinonema, 4"4 
i Cercospora, ^1® 

Cryptostictis, 

Dicoccum, 5*1^ 

Gloeosporium, +83 

Lt-ptostreuna, +80 

Marsonii, • 
Peronospora, 188 

Pcstalozzia, +9+ 

Fhragmidium, 802 

SeptOM V, • +'8 

Sphaerotheca 1'* 

Rosaceae, Oidium, +211 
Peronospora, 18+ 

Phragniidium, 862 

Sphaeropsis, +'" 

Sphaerotheca 1'8 

Rose Mddew, l'“ 

Ro9tof5ine, +8+ 

Rowan (see Pj nis 
Aucuparia) 

Rublaceae, Pliatidiuii), 2n 
Rubus, Ascocliyta, +'8 
Caconia, +1^ 

Cercospora, ''’18 

Chrjsotnyxa, *1''0 

CIados{>nriuiii, 8*19 

Colcroi 11 ’ 

(iloeosporium, +’^8 

Molhsia -81 

I’lirasmlliiim, 303 

Pncunla. 811 

rjriMochacta, +70 

septorn, +"•' 

Urdo. +-’0 
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Rttmea, Ustilago, 

299 

Duly mospbaen'i, 

21S 

Sedum, Aecidium, 

349 

Rnmex, Aecidium, 

349 

^ectria,* 

183 

1 nilophyllum. 

404 

Chlorochytnum, 

650 

Phyllosticta, 

464 

Puccinia, 

3)9 

Cladochytnum, 

114 

Sangulsorba, 


Scptona, 

4-3 

Dcpazea, 

4C5 

Phragmidmra, 

363 

Seed control stations. 

05 

Omlana, 

501 

Sanleula, Fabnea, 

233 

Seed sterilization. 

63 

Puccinia, 

333 

Puccinia, 

311 

Seedling diseases, 


Ramulana, 

502 

1 

t 

1 

,325 

1 Fttsoma, 

WO 

Synchytrium, 

113 

Ustilago, 28 297 

Peronosporeae, 116,117 

Uromyces, 334, 337 

Saprophytes 

1 3 

Selection against dis 


Ustilago, 

293 

SaxUraga Cacoma, 

419 

ease. 

81 

Venturia 

21S 

Fxobasidium, 

427 1 

Sellnum, Puccinia 

353 

Rnppia, Fetramyaa, 

529 

MeUtnpsora 

370 

Semperrinim, 


Rnscus, Phylloslicta, 

465' 

Puccinia, 

339 

l-ndophyllum, 

403 

Rust or Uredineae, 

323 

Synchytrium, 

112 

Phytophthora, 

118 

Rust ID Australia, etc 

, 85 

Scablosa, Peronospora, 

132 

' Seneeio, Aecidium 3.50 

331 


Rast, 123 Puccidu, 3Ct Coleosporium 374, 377 

Rye (ace Sccalel SynchjUwm, llO O'ulana, 300 

Uatilaso, 294 290 Puccinia, 550, 359 

^ ScUla, Baclenosis 33S Ramulana, 302 

R-»>.o>iaTiiTw Pletepora, 221 Thielavm 183 

IhiclaMopsis 183 Pu«cinia 3>C 3 j 9 Seiell, Puccima, 3o3 

Trieboapbaena, 19S Sclerotinn, ioO Sealerla, Puccinia, 349 

Uatilago, 234 Urocystis, 3lC Tilletia, 310 

Saffron, I hiioetonia 202 Uromyccs, 33S Betaria Scleroapora, 131 

Baglttarta, Bonllia, 322 UstiUgo 2D9 Uatilago, 202 

Doaaaania, 323 324 Sclrpua Cladochytnum 114 Uatilaginoidea 311 

Sainfoin (aee Onobrj chis) Gancepa, 103 Shelter paraaitum r)40 

Sallcornia Uromycea, 334 Puccinia 3o2 354 Shephera a Purae (see 

Salli Capooilium, 181 Uromyces, 336 CapscUa) 

Cryptomjces 246 SclcfotiUKulwcascs 29 256 Shot holefangi 4G3 4CT, 513 

Didyniospbacria, 218 Scorzonera, Cystopus, 127 Slcyos Poronospora 134 

Dulymosporium 490 Puccinia, 353 356 Silaua Cladochytnum, 114 

Leptostroma, 480 Ustilago, 296 Bilene Peronospora, 134 

Melatnpsora, 307,368 Scroptittlaila 0>ulana flOl I uccmia 340,361 

Melasmia, 480 Peronospora 134 Sorosporium, 32o 

Ovulana 501 Uromyces, 338 Uromjccs, 334 337 

Pestalozzia, 494 Scroptmlartneae, Ustilago, 297 

Polyporus, 433 439 444, Plasmopam, 131 ZiVni Fir (see Abies 

452 Secale CUnceps 101 pectmata) 

Khytisma, 245 246 Dilopbia, ‘222 SUytmm Ustilago 296 

Sclcroderris 251 Dilophospora 47*1 Slum, Aecidium, 3.36 

Septoria, 478 lusanum, 520 Cladochytnum 114 

Tramctes, 455 Ilelminthosponum 221 Slime flux of trees 142 

Twig galls 0.32 Leptosphsena 220 felinie fungi ">22 

Uncinula, 178 Poccmia 34 1 347 349 Sloe (see Prunus) 

BalTla, Puceima 541 Tilletia, 3l0 Smllaclna 

Sambucus, \ecidium, 411 Urocystis 115 Heterosponum 510 

Cercospora, 515 Ustilago "sO SmUai AceiJium 411 
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Smuts or Ustilagmeae 

275 

Smuts, stinking (see 
Tilletia) 

SmynUum, Puccima, - 

376 

Snag pruning. 

77 

Solaoum, Cercospora, 

515 

PliytopUthora, 

J20 

Solasum lycoperslcum 

Bacteria, 

530 

Cladosportum, 

510 

Colletotnchum, 

487 

Fusarium, 

520 

Gloeosporium, 

485 

Macrosporium, 

517 

Phytophtbora, 

119 

Septona, 

477 

Soianum Melongetta, 

Botrytis, 

500 

Gloeospomm, 482, 

, 4S5 

Kectria, • 

189 

Pboma 

468 

Solanom tuberosum 

Alternaria 

SI7 

Bacteria 557, 

537 

Botrytis, 

20S 

Fntorrhira, 

526 

ffypnochus, 

423 

Macrosporium, 

517 

Oospofa 

497 

Peziza 

208 

Pliytopbthora, 

119 

Pjtluum 

1161 

Bhizoetonia, 

202 

‘^chfnzia, 

526 

Sclerotmia, 

204 

SoManeUa Puccima 

541 

SoUdago, Accidmm, 

411 

Ilasidiu] bora 

127 

Did) maria, 

501 

Puccima 

5i0 

Uromj CCS, 

^58 

Sonebna Uremia, 

132 

Cotcosporitim 

577 

Puccima, 

5Vj 

‘'^nchytnmn 

115 

Sorbui (see Pints) 

Sergbum f^actcria 

*51 

Cmtractia, 

502 

hn Iolhlas|ii«, 

502 


Fasicladium, ’>0S 

Pnccuiia 353 

Uredo, 420 

UstiKgo, CS2, 2i>4 

Spergula, Pucciaia, - 361 
Sperguiaria Cjratopu^, 127 
Uromjces, 337 

Spemitiaand Spermo 
gonia 5S 137, 32S 
Sphagamn, Tilletia, 310 
Spinach (see Spmocia} 
Splnacia, Ciadosponam 610 


4S7 
313 
SIC 
132 
4CS 
290 

4SD 
174 
502 
173 
510 
361 562 
319 


Colletotficliuin, 
Entyloma, 
Heterospormm, 
Peronosporft, 
Phyllosticta, 

Splnlfex, Uatilago, 

Spiraea 

Cyliodrosporiuin, 
Podospliacra, 

Ramulan-i, 

Spliaerotheca 
Stysanus, 

Tripbragmiiim 
Urocystis, 

Spore, distnbutioD, 
germination, 
Sporobolus, Tillctia 
Spraying of Plants, 

Spruce (see Picca) 

Spurge (see Euphorbia) 
Stachye, Puccinia 3o6 359 
Septona, 47S 

Starcb and fungi, 31 

Statice, Uroinyces, 33-1 

Steeps for fungi 
Stellarla, Isanopsis 
Mciampsorella 
Sorosj oriuin 
‘'ynebytnum 
Uroroyccs, 

Ustiingo, 

Stenactls (sco t rigcrr n) 
Stiftta, Frotomjee* 141 

Stipa Usttlago, COT 

Strawberry (see Engarla) 
Streptopns, Acci liunj 110 

Stmthlopterla (srelimt) 


Sugar cane (see Siccharum) 

Sulphur for Mildew, 68 1"0 
Sulphur puff, ni 

Summer rust, 341 

Sunflower (see IJehacthns) 
Sunflower rust, 310 

Sycamore (see Acer) 
Sympboricarpus, 
Aecidium, -Ilf 

Symphytum 
Cladochytnuni, 
Fotyloma, 

Orularia, 

Uredo, 


512 

501 

420 


SymplocoSjErobasiluia 427 
Syrlnga, Eactens 
Cercospora, 

Eiplodia, 

Oiul-inJ, 


535 

515 

472 

501 


TanacetaiB Pnccin>o, 

Taraxacum, Accidium, 331 
Fusoma 
Olpidiuni, 

ProtoBjyces, 

Puccima, 

Synehytnuin 
Tare (see View) 

Tarring of Wounds, 77,201 


WS 
107 
141 
W 
22 lOS 


570 


11) 


I?)? 


Tazus, Capnoliui 
Pboma, 
Sphaerella, 
Teuerlum, Puccinn 
TbaUctrum 
Aecilinni, 3 
1 nt>lonia 
Poccinia, 

''ynchy tnuin, 
Urocjstis 
Tbeslum Puccima 
Tblaspl Puecinia, 

1 itlotia, 

Thuja, I’oljTionis, 
Thujopsls Cuoma, 
Thyians. 1 uctinla 
Tllla Actinoncma 
Circcwjiorn, 
htfctria, 


181 

)f)S 

215 

501 


512 
356, 558 
. 112 
517 
5U 
501 
510 
I'O 
» 410 


474 

515 
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Pestaio£zia, 494 Tropaeolom, Pleoapora, 221 Uhytlsma, 246 

Phyllosticta, - 4&1 Tsuga, Pendcrmium, 417 Septoria, 478 

Polyporus, 444 Tnchospliaena, 197 Thecaphora, ^2 > 

Tinder fungus, • 435 TuUpa, Botrytis, WO Urtlcaceae Peronospora.l >3 

Tobacco (see Nicotians) Puccinis, 339 

Tomato (see Solanum Lyeo Sclerotiom, 500 

persicum) Ustilago, 299 

Sleeping disease, 520 Turnip (see Brssstca) Vaccinium, 

TopliiaDibur,SclerotiQia,2G4 Tuxritls (see also Arabia) Calyptospora, 370 

Tragopogon, Urocystia, 319 Kxobasidiutn, 423 426 

Fusicladium, 508 Tusallago, Astcioma, 470 Gibbera, 204 

Puccmia, 3o6 Coleospomm, 370 Molampsora, 370 

Ustilago, 296 Pnccinis (Aecidiutn), 348 Fodosphaera, 175 

Trientalls, Tuburcmia, 310 Ramularia, 502 Sclerotinia, 2uC 2G0, 203 

Trifollum Cercospora, 615 iwig galls, 532 Synchytnum, 109 

Erjsipbe, 175, 499 Tyloses, 70 Valeriana, Puccmia, 350 

Macrosponum, 517 Typba Heterosponuin, 516 Urotnyces, 334 

Peronospora, 133 Ustilago, 293 Vanilla, Gloeospormm, 485 

Phacidium, 2oo Veratnim, 


Phyllachora, 

229 

U 


, Ileterosphaena, 

219 

PolythriDCium, 

229 

Ulmaceae, Tapbrina, 

149 

Pucctnta, 

355 

Pseudopezizd, 

255 

tnmus, Apiosporium, 

181 

Uromyces 

337 

Pythtum, 

lie 

Asteroms, 

470 

Verbaseum Phoma 

469 

Bhizoctonia, 

201 

Ceratophorum, 

512 

Kamularia, 

502 

Sclerotinia, 

2G3 

Osdosponum, 

’ll! 

Uromyces, 

S3S 

Sphaeronema, 

2iXi 

Dothidella, 

230 

1 

P 

p 

501 

Synchytriutn, 

107, 109 

Nectns 

185 

Peronospora, 

134 

Uromyccs, 333, 

336, 338 

Pestalozzis, 

404 

Pnceinia, 

361 

TrlgoneUa, Thielavia, 183 

Pbleospora, 

478 

1 Schroetena, 

328 

Uromyces, 

337' 

Phyllachora, 

496 

Septona, 

478 


Tritlcam, Bacteria, 635 1 Piggotia, 230 Sorosphsera 530 


Cladusporiam, 

509 

Pleospora, 

221 

Stysanns, 

519 

Dilopbia, 

222 

Polyporus, 435, 444, 

445, 

Vetch rust, 

333 

Dilophospora, 

479 


452 

Viburnum, Actmonema 

474 

Erysiphe, 

175 

Septogloenm 

496 

Cercospora, 

515 

Gibellma, 

220 

Slime flux. 

143 

hlicrosphaera 

17G 

Leptosphaena, 

221 

Tapbrina, 149, 

154 

Plasmopara, 

131 

Mystrosponum, 

518 

Uncmula, 

178 

Ramularia 

502 

Ophiobolus, 

222 

UmbelUferae Erysiphe, 

, 175 

Vida, Ascochyta, 

473 

Phoma, 

407 

Heterosphaena 

249 

Cercospora 

515 

Puccmia, 

345 349 

Phoma 

4G9 

Erysiphe, 

17j 

Pyroctonum, 

114 

Protomyces, 

133 

Peronospora 

133 

Sclerotmm, 

431 

Pnccinia, 353 

3o9 

1 Phyllosticta 

464 

Septona, 

477 

UmblUcns, Puccmia, 

361 

Uromyces, 333, 334 

aiG 

Tilletia, 300, 

309, 310 

Oredlneae, Darluca, 

474 

Vinca, Puccmia, 

3oG 

Typhula, 

431 1 

Tuberculiua 

327 

.Vine (see \ itia) 


Urocystis, 

316 

Uromyces, Darluca 

474 

bird 8 eye rot. 

4C7 

Ustilago, 

2^>S, 2931 

Urtlca Aecidinm 

349 

1 bbek rot 216, 4S4 

TrolUus, Puccmia, 

3o6 

RamuUna, 

502 

false mil Jew, 

129 



598' 


11 GENERAL 


P40E 

Vine, mildew, - 176 

root fungus, 202 

\ine epidemics, 81, 84 

white rot, 471 

Vines, American hybrid, 81 
Vingerziekte, * 624 

Viola, Aecidium, • 410 
Cercospora, 515 

Gloeosporiom, • 4S5 
Ovulana, 500 

Peronospora, - • 134 

Phyllosticta, 464 

Pucctnia, 340, 3.)9 

Synchytnum, 112, 113 
Urocystis, 16,21,31,317 
Violet rust, 340 

Viscarla (see Lychnis) 

Vltla, Ascochjta, - 473 
Aurcobasidium, 4SS 

Bacteria, 534 

Botrytis, 180, 267 

Cereoepore, 513 

Cladochytrium, 114 

Cladosporiuni, 510 

Colletotnchum, 483 1 

Coniothynutn, 471 1 

Lematopliora, 202 

Gloeosporium, 4S2, 434i 
Laestadia, 216 

Leptoaphaeria, • 221 

Oidiiim, 177, 499, 

Penicillium, 180 


Phoma, 216, 467 

Plasmodiophora, 528, 529 
Plasmopara, 81, 128 1 

Peeudocotnmis, 529 1 

Sclerotmia, - - 267 

Septosporium, - 519 

Sphaceloma, • ♦ 467 

Sphaerella, 215 

Uncinula, 176 

Uredo, - - 420 


I 

Wallflower(seeCheiranthus) 

^ 'Walnut (see Jnglans) 

I Wcinstockfanle, 202 

Weymoutb Fine (sec | 
Finns Strobns) I 

Wheat (see Tnticnm) 

White rot of timber I 
(due to Polyporeoe) 
WlUow (see Salix) 

Witches’ Broom.due to 
Aecidmm, 18,24,72, 88, 
404. 410 

Caeoma, • 418 

Exoasccae, 19,24,52, 145, 
158. etc 

Havenelia, 403 

\5 oo<l destroying fungi, 

5, 31, 36, 62, 72 
(see also Polyporeac, 
Agancus, Nectria, etc ) 


Wound cork, 42, “6 

„ duramen, 76 

,, infection, • 75 

,, parasites, 5, 17, 72, 

75, 142 

(see also Polyporeae, 
Nectria, etc ) 

,, treatment, • 

Wounds from animals, 7S 

\ 

Zantboxyluia, 

! Aecidium, 


Yeast (see Saccharomyccs) 

Yew (see Tajcus) 


Zea, Bacteria, 

Helmmthospornim, 

Puccuiia, 

Pythium, 

Tilletia, 

Uredo, 

Uatilago, 

Zinnia, Sclerotmia, 
Zizania, UstiUgo, 
Zlzyphns, Ccphnlcuri 
Zoocecidi 


535 
312 
3'j3 

lie 

319 

420 

!79, 2^1, 2^^ 
204 
294 
553 


Tiir i\u 








